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PREFACE 

The growing demand for a book ot leference 
devoted to the plumbing, healing, ventilating, and 
gae-fltlisg trades has indnced the pablicatton of the 
Plunibera and Fitters' Handbook, which is the 
first reference work of ita kind, and will be found 
to contain more valuable information along the 
lines indicated by ite title than any other book 
of its size yet published. 

It has been the aim of the publieherB to present 
to the public a handy reference work that is not 
only of a size convenient to carry in the coat or 
hip pocket— a pocketbook in reality as nell as in 
name — but which also contiuna those rules, formu- 
las, tables, etc, — together with explanations con- 
cerning them and practical examples illustrating 
their use, — which are most commonly needed by 
the master mechanics and journeymen of the 
various trades covered. 

The publishers have not endeavored to produce 
a condensed encyclopedia of the art and practice 
of plumbing, heatint;, ventilation, and gas-fitting, 
tiat have striven to anticipate the daily wants ot 
the user and to give him the information sought, 
in the manner best suited to hie needa. The ^m 



has been to meet the necesaitiea not only of the 
mechanicB in the trades mentioned, but also 
of all persons in any way Interested in the de- 
sign, construction, and maintenance of buildings 
and utilities pertaining thereto. In accomplish- 
ing this, the publishere have selected that rule, 
Eormula, or process which is, in their opinion, tiest 
adapted to the circumstances of the case, descri- 
bing it fully, giving whenever possible full direc- 
tions how and when to use it, and not mentioning 
other available methods when doing so would tend 
to confuse the reader. In other words, the selec- 
tion has been made by the publishers instead a{ 
leaving it to the judgment of the reader. 

Tho Plumbers and Fitters' Handbook will be 
found a valaable aid to plumbers, heating and ven- 
tilating engineers, steam fitters, gas-fitters, archi- 
tects, contractors, builders, building and plumbing 
inspectors, sanitary and civil engineers, super- 
intendents and owners of buildings, traveling 
salesmen and solicitors for supply houses, etc. 

This handbook was prepared under the super- 
vision ot Mr. T. N. Thomson, Principal of the 
School of Plumbing, Heating, and Ventilation, 
assisted by the following members of onr staff 
of textbook writers: Messrs. J. A. Grenlng, 
G. WadswoKb, L, H. Hall, and J. J. Co^rove. 

InteroatioDal Corrcspondeace Schools, 

February 1, 1906. Scranton, Pa. 
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PLUMBERS AND FITTERS' 

HANDBOOK. 

ARITHMETIC. 

SIGNS USED IN CALCULATION. 

■f Plut. Indicates addiHon ; thas. 10 + a Is l!i, 

— MiautAnAiiMtesiublracticm: thus. 10 — 5 is S. 

X MuUiplieit by, ltidlciit«3 nmitipUeatiim: thu^ 10 X 5 is SO. 

-s- Divided by, Indicates dimaioB ; thus, 10-i-a ls2. 

^ Equal to. Indicates cqaaHty; thus, 1^ In. -> 1 fl, 

( )' r 1' 1 }i<^^"^'' parenlheiia, tyraekft. and brace, 
respectively, have the name mcanlns, and slgnl^ that the 
opeiatlonB Indicated nithlQ them ere to be perrormcd firs:: 
or. if more Chan one Uused, that Indlcalcd In the Inner one is 
lo be eSbctod Srst. Thus. In the expression 5(7 — 2), thu 
Eublracllon Is to be made before multiplying by 5. A^iaiii, iu 
the cipreSBlon ' M' + {'' — f) !■ ^^ aublraclion Indicated 
within the parenlheda is made first ; the remainder is added 
to a, and one-half the sum found. 

, called the vincuium, is used for the same purpose as 

the parenthesis, but ehieSy Id connection wilh Ihc sign 
j/; thus, ^ . 

. . called the dfdmal poiot. Is placed in a number con- 
taining decimals, to fix the value of the number; tlius, Vl.b 
Is 12 and A: 1.25 is 1 and j^; etc. 

p means that the numt>er 8 is lo be uptarcd^ thus, 8= ^ 3 



2 ABITHMETIC. 

^ means that the DumberSU to b«eu»<tl; thiu.!? — SXI 
X8 - 612. 

f/ , called the radical lign, meajia that eoiae root of tlie 
eipieSBloQ under ll is to be round ; U used without a small 
Indei figure, It means squsre root; thus, j/Si = 8. 

#'~-^~ioean that the rubs or (he /oufM root la to be 
rounil. the Indei flgTire Indicalhig the root ; thns, ^27 = S. 

: :; : meanspropordou ; lhiiB,3M : ; 8 : SIsreadafdoi 
a> 6 i> to 8. Instead or the : : sign, Che equslllj' sign = la 
oitcn substituted ; thus. 3:1 = 0:8. 

' " mean degrees, mlnntea, and seconds; aa, SO" 15' 15", 
which Is read eoiUgreet, ISminala. IS sccondi. 

' " also mean feel and inches; thus, 7' 6" Is read 7 Jest 

w (read pi) means the ratio of the drcnmference of a 
circle to the diameter and — 3.1116. 

1 (read tigma) means mmmatton; thus, £(a + t>) means 
that there are several values fOr Irolh a and b, and that the 
sum of all la to be found. 

FRACTIONS. 

It Is taken for granted that the reader knowa bow to per- 
form the common operations of addition, subtraction, etc., 
where only whole numbers are used ; bul. wheu there are 
mixed or IVactlonat numl>ers. a little refteshment of the 
memory may be desliable to some; hence, a little space Is 
devoted to this elementary branch of arithmetic. 



Tbc numeralor of a fraction Is the number above the bar ; 
and Ihe deamairMtor la the number beneath It; thus. In tlie 
fraction 1, 3 Is (he numerator and 4 is the denominator. Ttvo 
or more ftactlons having the same denominator are said (o 
have a rwnmm denominator. By " reducing fractions to a 
common denominator " is meant flnrting such a denominator 
as will cont^n each of the given denominators without a 
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renulnder, uid moltlplrliig eacli munerator It; tbe number 
o( times Its denomliutor Is contained In tlie common 
. Thus, thefivctbnui.i. and A)u><'e.u>com' 
-l;then,i = A;I = H; A = A- 
By "ccdacinfc a traction to its lowest terms" Is meant 
dlTidingr both nmnerator and deDomlnator by the greati.'st 
number that each will contain without a remainder; lat 
example, in H- the greatest number that will thus divide U 
and 16 Is 2 ; BO that, ^^ = ). which Is a reduced to the 

A mixtd number is one condsting of a whole number and 
a rractlon. as 7|. 

An improper fraction Is one in which the numerator is 
equal to, or greatci than, the denominator, as V' This is 
reduced la a mixed number b; dividing 17 by 8, giiing 2;, If 
the numerator Is less than the detiominatoT, the fraction la 
termed proper. A mixed numlier Is reduced to a fraction by 
multiplying the whole number by the denominator, adding 
the numerator, and placing the sum over the denominator; 
- 7 ^ (1 y B) 4 7 ^ 15 

7b add fraetions or mix^d numbera. If thkclioas only, 
reduce them to a conunon denominator, add partial results, 
and reduce som to a whole or mixed number. If mixed 
numbers are (o be added, add Hie sum of the fyacliona to that 
of the whole numbers; thUB,l|-(-2) ^ (l -i- 3) + ({ -I- 1) ^ 4|. 

To tvbtract two frrKtiifne or miied numberi. If they are 
factions only, reduce them to a conunon denontinator, lake 
less from greater, and reduce rcBUlI ; as, J in. — ^ in. = - ~ - 
— A 'n. If they are nilieil numbers, subtract fracllons and 
whole numbers separately, placing remainders beside one 
another; thus, 3i in,-2i in. = (3— 2) + (i-|) = H In. 
With fractions like the following, proceed as Indicated; 
SAln.-IHln. - (2 + tl+A)-lH-2«-ll| = 1H- 
11 In.; 71n.-4|in. = (fi + l)-4| - ain. 

7b muMply JraeUoat. Multiply the numerators together, 
and likewise the denamlnatoia, and divide the tbrmer by tt- 
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laller; thus, ^ In. X-^-in. x|lii. - |^-|^| - ^ cu.lu. H 
mlied numbera are to be multiplied, reduce Uiem to ftic- 
tions, and proceed as above sbawn ; Uiub, i^ in. x Si in. — 
|XV = V^^isq.in. 

Ta divide friu^oas. Invert the divisor (1, c. exchange 
places of numeratoi and denominator) and multiply the 
dividend by It. reducing the result, if neceEsary^ thui, 
1 ^ i = 8 X i = !I = i = IJ. If there are mmed numbers^ 
reduce them to IVacdonE, nnd then divide as just shown; 
thus, 1| + 3J = V + ¥,i>rVXA = «( = f 



In decimals, whole numbers are divided into tenths, hun- 
drE^ths. etc.; thus. ^ is written .1 : .08 is read rf„ thevaluenf 
the number bemg indicated by the portion of the decimal 
point ; that la, one figure after the decimal point is read ns 
so many tenths: two figures aa BO many hundredths; etc. 
Moving the decimal point to the right multiplies the number 
by 10 for every place the point is moved ; naovii^ it to the 
letl divides the number by 10 for every place the point is 
moved. Thus, in 1£>.78 (read 125 and ^), if the decimal 
point is moved one place to the right, the result is 1,257.8, 
which is 10 times the first number ; or, if the point is moved to 
the left one place, the result is 12,578 which is ^ the first num- 
bcr,movingtliepoint being equivalent lodividlngl25.T8byl(l. 

Annexing a cipher to the right of a decimal does not 
change lis value ; but each cipher inserted between the deci- 
mal point and the decimal divides the decimal by 10; thus. In 
125.078, the decimal part la A of .78. 101.257 

lb add dei^mali. Place the numbers so (hat 12.9GS 

the decimal points are in a vertical line, and 18.00B 

add in the ordinary way, placing the decimal 920.600 

point of the sum under the other points, 1,077.62' 

7b lubtracl decimals. Place the number to 
be Bublraoted with its decimal point under 917.678 

that of the other number, and subtract In the ^6 2.710 

ordinary way. tlM.KS 
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n tRuttipIy tbcimali. Muiaplr in the ordiiiu7 way. and 
point off (Tom (be right of the result aa many Bguresu there 
sreBgmes to the right of the decimal points In 21.72 

both numbers multiplied ; thus. Id the example 34.1 

liere giveD. there are three figures to the right 2173 

of the polnte, oad thai many are pointed off In gggg 

the result. IT eliber number conituns no decl- s&ig 

mal. point off as many pUcea aa ore In Uie -in Aei 

number that does. 

U atfsult has not aa many figures aa the sum of the deci- 
mal places in the numbers multiplied, prehx enough ciphera 
before the flguree to mate up the required number of plates, 
and place the decimal point before the ciphers. Thus, in .UK! 
X. C02, the product of2X2 = «; buttbere are three places in 
each number ; hence, the product mum have six places, and 
five ciphers must be prefixed to the 4, which gives .OUOOIM. 

in divide decimals. Divide in the usual way. If the divi- 
dend has mart declmBl places than the divisor, point off, from 
the right of (he quotient, the number of places in aati. U 
It has Ita than the divisor, annex as many ciphers to the 
decimal as are neceffiary to give the dividend aamany places 
aa there are la the divisor 1 the quotient vlll then have 
no dechnal places. For example. ^™ = 10.3 ; ^| - |;| 

lb carry a divitian lo amy namber qf deeirnal placei. 
Annex ciphers to the dividend, aikd divide, until the dcidrcd 
number of figures In the quotient is reached, which are 
pointed air as above shown. Thus, 36.5 -i- 18.1 10 (hree decimal 
places = • — 2.016-t-. (The sign -1- thus placed siler a 
namtier Indicates that the exact result wonld be more thnu 
the one given If the division were carried further.) 

7b redmx a deeimal lo a common JrtKiion. Place the 

with as many ciphers as there are figures to the right of the 
decimal point: thus. .375 has three figures to the right of 
Ibe point ; hence. X7aia.- i/A- t In. 



nuroenLtor by the denomiimtor, and point off ha many plrhces 
asthero hare been cipheraanneied; thua.Aln.*^ S.000a-«-lG 
» .lS;Siu. 

DUOOEOIMAI^ 

The duodecimal Eystem of numerals Is that In wMcb Ihe 
base Is 12. Instead of 10, as in the common deeltnal system. 
As a method of calculation it has fallen Into almost entire 
disuse, aod it Is only in calculation of areas that duodecimals 
are nov used. When the work becomes famiUar, the work is 
practically as rapid as by using Ibet atid decimals, and has the 
advantage of being absolutely accurate, which the decimal 
system la not, as inches cannot be expressed exactly in deci- 
mals ofa foot. The principles upon which the work is based 
are as fallows: When feet are multiplied tiy feet, or inches 
by inches, the product is. of course, square feet or square 
Inches, respectively ; but. when feet are multiplied by inches, 
urvice versa, the results may, for want of a belter name, be 
tenned parts | although this name was given onginally to the 
114th part of a square foot). Suppose a sqoare foot to be 
divided into 144 sq. in.; then a strip 13 in., or I ft,, long, and 

1 in. wide will correspond to 1 part. A atrip E ft. long and 
"! in. wide will contain 7 X 5, or SS parts, whlcb, divided by 12 
(parts to a square foot), equals 2 sq, ft, and 11 pans, or 

2 eq. ft. + (11 X 12) sq. in. Square inches may be reduced 
to parts by dividing by 12; thus. &l sq. in. ^4 parts 6 sq. In. 
To illustrate theae principlea, let it be required to find th: 
area of a room 18 ft. 10 In. long, and le ft. T In. wide. Place 
feet ondei feet, and inches under inches, thus ' 

Fta. Incha. 
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Begin by mnltlplrliig 10 In. by Ifl ft., which eqiuli IflO p»rti^ 
or iSsq. ft. 4 putts. Place the 4 paite in the Inches column, and 
carry the 13 sq.ft. Then 18 ft. X M ft. — 288 aq. ft. + IS «q. ft. 
— 301 sq.ft. Next, multlplf ID in. by 7 In. ^ TO sq. in.,orS 
partalOsq. In, Bet the 10 eq. in. to the right of the column ot 
parts, as shown. Then, 18 ft. x 7 in. — 126 parts + 5 parts car- 
ried = ISl parts ; dliiiltng by 12, IBl parts — 10 an. ft. 11 
pafta. Set these down in the proper colomns and add, begin- 
ning at the right ; 4 parts + 11 parts ^ 1 eq, ft. 3 pans. 
Expressed in square feet atid square inches, the result is 312 
aq. ft. 48sq. In., which can beveriBed bytedudng the given 
Dumbos to Inches, mulUpljiDg them, and dividing by 144. 



INVOLUTION. 

Involution is the process of multiplying a number by 
Itself one or mora limes, the product obtained being called a 
certain power of the number. If the number la multiplied by 
tiaelf, the result la called the equare of the number ; thus, 9 is 
the square of 3, since 3X8 — 9. If the square of a number ts 
multiplied by the number, the lesultls called the cuJ>; of the 
number : thus, 27 Is the cube of 8, since S X S X 3 — 27. The 
power to which a number is to be raised is Indicated by a, 
small Sguie, called an e^onent. placed to the right and a lit- 
tle above the numtier ; thus, 7> means that T Is to be squared ; 
a?' means that 27 la lo be cubed, etc. 

The operations of invointlon present no difficulty, aa 
nothing but multiplication Is involved, the numtier of times 
the number Is to be taken aa a, factor being shown by tbe 

If the number is a ft^ctlon. raise both numerator and 
aeoominator to the power indicated, 

A valuable little rule to memorise tor finding (he squareof 
a mixed number In which the fraction Is i, as 81, lOt, etc.. Is 
as follows: Muiliply (Ac next leas whole numter by the tiai 
yreattr, and add j. For example, the square of Gi Is fi (th« 
next less number) X 7 {Ibe neit grealer) + l = 421; imf 
-l»Xai + i-880t; («)'= 8X9 + i - 72iietc 
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INVOLUTION AND EVOLUTION TABLE. 

By meana of tbe rollowlng table the square, cube, wguare 
root, cube root, and reciprocal of any number maj- be 
obtained correct always to Atb Bigniflcant figures, and In the 
majority of CBses correct to six siguiBcant figures. 

In any number, the figures beginning with tbe firet digit* 
at the leR and ending with tbe last digit at tbe right, are 
called tbe tignijtcaal Jtg'''fi of the number. Thus, llie num- 
ber 406,)<U) has the four significant figures i, 0, 5, g; and the 
number ,000090067 has Ibe five algnlBcant figures S. 0, 0, 6, 

The part of a. number consisting of tla sigoiflcanl figurea 
is called the lisnifitant part of the number. Thus, in Ibe 
number 28.070, tbe slgniflcant part is ISal; in tbe number 
.00812, the slgnlHcatit part is 812; and la tbe number 170.S, tbe 
significant part is 170S, 

In spealclng of the significant figures or of tbe significant 
part of a number, the figures are considered, In their proper 
order, ttara the first digit at the left to Ibe last digit at tbe 
right, but no attention is paid to the posiClon of the decimal 
point. Hence. oU nvmlien Ihat differ only in the poiilion qf 
the decimal point Aaoe llic tame tigaifieaTU pari. For example, 
.0O'J]U3. 21.03, !il,03a, and 210,300 have the same significant 
figures 2. 1, 0, and S. and the same significant part 2103, 

The iii^qrmflHKtof a number is tbe part to tbe left of the 
decimal point. 

It will be more conrenienl to explain first how to use (he 
table for finding square and cube roots. 

SQUARE nOOT. 

First point ofT tbe given number Into periods of two figures 
each, beginning with (be decimal point and proceeding to 
the leu and right. The following numbersare thus pointed 
off: 12703, 1'27'03; 12.703, 12.70'30; 130000, S3W00; .O0OM2, 
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Having painted off the number, moie ttae dacimal point 
BOtbat it will' fall between ihenral and second periods of (IM 
dgulilcant partoC tbe number. In tbe above numbers, the 
decimal point will Iw placed thus: 1.2703, 12.703, Zi. 4.43. 

If tbe number has but three (or less) signiflcant figures. 
Bud the BtgDlficont part of tbe number Iti tbe column headed 
n; the square coot will be found in tbe column beaded \/n 
or |/ lOn, according to whether tbe part to tbe left of the 
decimal point cnntalna one flgureor two flgurea. Thus, v 4.42 
= 3.10W. and (/ 22 = t' JO X 2.20 - 4.6904. The decimal point 
is located in all caaes by reference to the original number 
after pointing oITinlo perloda 

Then mm be ae manji figarei in the nwl preceding tlie decimal 
point ae there are perioda precedtng the decimai point in the 
given number : if the number is entire!]/ deeitaai. the root ii 
entirdp decimal, and there viiS De at mann ciphtri /oUowina Oie 
deamal poiiit in (A« root at there are cipher jieriodi foUoviinff 
the deeimai point in the given number. 

Appljiug this rule, ^'JjlJOOO ^ 469.04 and i' .imia =- 
.021024. 

Tbe operation wbcn tbe given number has more than 
three BigniHcanl figures Is beat explained by an example. 

Example,— (0) 1/3^1416 — ? i*) i 2S2!9 = ? 

Solution.— (a) Since tbe flret period contains but one 
figure, there is no need of moving the decimal point. Look 
In the column headed n' and find two consecutive numbers, 
one a little greater and the other a Uttle less than the given 
number; in tbe present case, 3.16S4 — l.TS* and 3.1329^ 1.77*. 
Tbe first three figures of the root are therefore 177, Find the 
difference between the two numbers between wblch the 
given number falla, and the dtfitrence between the smaller 
number and the given number; divide tbe second difi^rence 
by tbe first difference, carrying the qnotleiil to three decimal 
places and increasing the second figure by I If the Third 
Is G or a greater digit. The two figures of tbe quotient 
thus determined will be the fourth and fifth figures of tbe 
root. In tbe present example, dropping decimal points 
in the remainders, 3.1684 — 3.1829 ^ 355, the first difference: 
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S.HIfi — 3.18Z9 = 8 7, tlie seoonii dJfference; 87 * 365 = ,245+, 
or, 25. Hence, i/ 3.1416= 1.772S. 

(6) y'^a:s = 1 Pointing off Into periods wc get 23'12.M: 
moving (he decimal point we get 23 4290', the &nt three 
figures of the root are 484; (lie first difference is 23.5225 — 
23.4-26e =. %9; the second difference is 2S.4280 - 23.12M = 84; 
B4 f 9«9 = .035+, or .M. Hence, V* 2842.9 - 48,404. 



The cube root of a number is found in the same nutooer 
at tbe square root, except the given number is pointed off 
iolo periods of three figures each. The following numbers 
would he pointed off thus; 3141.6, 3'14l.6: 67296428, 67'29S'428; 



Having pointed off, move tbe decimal point so that it will 
fall between the flret and second periods of the aignitlcant 
part of ihe number, as in square root. In the above num- 
bers the decimal point will t>e placed thus: S.I416, 67.295428. 
601.426314, and 21.7, 

If the given number has but three (or less) significant 
Sgures. find the sigtiificant part of Ihe number In the 
column headed n^^^he cui>ej*ot will be found in the column 
headed fn, flOn, or f lOOn, according to whether one, 
two, or three figures precede the decimal point after It has 
been moved. Thus, the cube root of 21.7 will be found oppo- 
site 2.17, in column headed ^lOn, while the cube root of 2.17 
would be found in the column headed ^n, and the cube 
root of 217 in the column headed ^ioon, all on the same 
line. If tbe given number contains more than three sig- 
nificant Hgn res, proceed exactly as described for square root 
eicept that the column headed n' is used, 

EliHFLE.— (a) ^.0000062417 = 7 (b) ^60932676 = 7 

Solution.— (a) Pointing off into periods, we get 
00(K006'241'7aa: moving the decimal point, we get 6.2417. 
The number falls between 622950 = l.M^ and 6.33163 =1.85"; 
the first difference ~ 10213; (he second ditTerence Is 
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e.iaio- e.zseso - 1220; iicn + icrzis ~ .U9+, or .12, tbe fourth 

sni) flIHi flgurea of the root. The decimal point is located bj 
the rule prevlouslr given; hence, ^.OOODOe^llt = ,018412. 

(b) ^609326?* ^ ? As tbe number contains more th&D 
six sifiiiflcant Sguree, reduce It to sli stgntflcRUt llgurei by 
replacing all alter the aixth flgnre with clphen, Increasing 
the liith figure by 1 when the seventh Is B or a greater 
digit. In otb er wordB. the firat Ave figures ol ^60932700 and 
of f 50932876 are Ihc eame. Pointing off Into pertoda, we get 
SO'932'TOO; moving the decimal point, we get 60.0327. which 
fulls between 50.6530 - 8.70> and 51.0648 ^ S.T1); the first 
difference is 4118; the second difference Is 2T97; 2797 + 4118 
= .879+, or .68. The integral part of the root evidently con- 
tains three figures; hence, ]* 50932676 ^ 370.68, correct to five 
(ignres. 



If the given number contains but three {or lees) signifi- 
cant figures, the square or cube is found in the column 
headed n' or n', opposite the given number In the column 
headed n. If (be given number contains more than three 
significant figures, proceed in a manner slmllai to that 
described for Bitracting roots. To square a number, place tbe 
decimal point between tbe first and second significant figures 
and find in the column headed [/ n or |/ 10 n two consecu- 
tive numbers, one of which shall be a little greater and the 
otber a little lees than tbe given number. The remainder of 
the work is eiaetl; as heretofore described. To locale the 
decimal point, employ tbe principle that the square of any 
number contains either twice as many figures as tbe num- 
bersquaced or twice aa many less one. If Ibe column beaded 
I'lOnisused, the square will contain twice as many flgnres. 
while if the column beaded |/n is used, the square will 
contain twice as many figures as the number squared, less 
one. If the number contains an Integral part, the principle 
ie applied to Ibe Integral part only: If the number Is wholly 
decimal, there will be twice as many ciphers following the 
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decimal In tlie square or twice bb many plus one at in 
tbe number squared, depending on wbetber v'lOn or v' a 
column Is used. For example, 273.42* will oonl*in five figures 
lu the integral part; 4S16.2» will contain eight flgurea in the 
integral part, all after the flflh being denoted by ciphers; 
.00291S31 will have five ciphers following the decimal point; 
.Da24S6i will have two Ciphers following the decimal point. 

ESAHPLE— (o) 273.42'-? (6) .C15243fi» -= ? 

Solution.— (o) Placing Chedeolmal point betoeen theflrst 
and secimd slgnldcant figure s, th e result iE2.7S42; thisiiumber 
occurs between 2.7^1S- i/7.47 and 2.73496 =■ 1/7.48 In (he 
column beaded y'n. TbeflTSt dltTerenceia 2.73496 — 2.7331S 
= 183; the second difftrence is 2.73420 - 2.73313 = 107; and 
lU7-i-l83 =■ .584+. or ,68. Hence, 273.42' - 74,758, correct to 
five significant figures. 

(b) Shilling the decimal point to between the Brsi and 
second significant figures, we get the numbe r 5,2 436, which 
&na between 5.23450 - v' 27.4 and 5,aH04 ^ [/ 27.5, Theflrst 
diatreoce Is 95i: the second diflference is 910; 010 -^ »4 = 
.953+, or ,95. Hence, .062436 " = .0027495, lo five significant 
figures. 

A number is cubed In esactly the same manner, udng the 
column beaded f'n, ^iOii,or ^lOOn, according to whether 
the first period of the significant part of the number contains 
one, two, or three figures, respeotirely. If (he number con- 
tains an Integral part, the number of figures In the integral 
partofthe cube will be three time ; as many as in the given 
number if column headed ^lOOn is used; it will be three 
times as many less 1 if the column headed ^ lOn is used; 

headed ^n is used. If the given number is wholly decimal 
the cube will have either three times, three times plus 
one, or three times plus tno, as many ciphers following the 
decimal as there are ciphers [oUowlng the decimal point in 
the given DunibeT. 

ElAllPI.E,-(a) 129.684' = ? (6) ,76442' = ? (c). ,032425= 

Solution.— (a) Placing the decimal point between the 
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ant and aeeond alKnlflcant flKUres, Ihe uninbCT 1^29684 Is IbUDd 
between 1.28664 = ^2.18 and 1.2«M2 ^ ^ 219. The flnl 
diO^ence Is 198; Ibe second difference is 20: mid 20 -t- 198 
— .101+, or .10. Hence, the drat live aitniiHcam flgures are 
21810; the number of flares in the iiilegral pnrtot Ibe cube Is 
3 X 3 - 2 = 7: nnd 129.6M' - 2,181.000, correct to Ave ilg- 
niflcatit llgiireB. 

jb) 7.M420 oeiure between 7,6403'i = ^446 and 7.64603 = 
^447. Tbe Bret difference is 571; the eecond dlRCreace Is 
388; and 388 -*■ 671 = .679+, or .68. Hence, (he flrstflveaignlfl- 
canl liguras are 44668; tbe number of ciphers folLowiug the 
decimal point is 3 X = 0; and .76442' = .44668, cortecl to five 
significant figures. 

(c) 3.2425 tolls between 8.2427S " # W.i and 3.2a961 = 
^'34.0. The flrat difference is 317; the second difference is 
289; !S9.i-3]7,=-.91t+,or.91. Hence, the first live significant 
figures are 34091; the number of ciphers Ibllowlng the decimal 
point is 3 X 1 + 1 = 4; and .032425^ = .000034091, correct to 
five significant figures. 



since a -;- b — ^ — ny . The table gives the reciprocals of 
all numbers expressed with three signidcani figures to six 
signifieant figures. Bj proceeding in a manner similar to 
that Just described for powers and I'oots. the reciprocal of any 
number correct to five significant figures may be obtained. 
The decimal point in the result maybe located as follows: 
If the given number has an Integral part, the number of 
ciphers following the decimal point in the reciprocal will be 
one less (ban the number of figures in Ihe integral part of the 
given number; and If the given nnmber la entirely decimal, 
the number of figures in the Integral part of the reciprocal 
will be one greater than the number of ciphers following the 
decimal point In the given number. For example, the recip- 
rocal of 3j;o - .000296736 and of .00348 = 287.350, 
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When the number whose reciprocal Is dedred contains 
more than three sl^ificaiit figures, express the number to 
six algnifiCBnt figures (siSdlng ilpbers, if tieceseaiy, to malie 
sii figures) and find between what two nunibere in the 
column headed - the significant flgureeof (he given number 



-is- "•' 



ice is 380228 — ST9788 = 1440; 
the Eecoiid "dlfi'erence is SSO^JS — S7M26 = «B: 803 + 1440 
.557, or .66, Hence, the flrat five significant figures are 
156, and the reciprocal of 379,426 is .0026356, Co Hve sig- 
iicant figures. 
(ft) .460a)0 falls between ,169484 = ^ and .467290 ■» ^ 



The first difference le 2194; t 
-^ 21tM = ,129+, or .13, Hei 
five significant figures. 



is 284; 2 
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WEIGHTS AND MEASURES. 



R MKASURK. 

- 1 foot .. 



36 -^ 

198 ^ 16.5 - b.b— 1 
7,W0 - 660 = 220 = 40 - 
«8,S«I) — &,2S0 — 1,760 — 320 - 



80UAHB MKASUni 



1 fuilong 



U4 flqiuie Incbes {gq. In.). — 1 square foot ^.IL 

fl aqnarefeel ■■ 1 square yanl an. yd, 

30} sqnaie ysrda — 1 square rod »). id. 

160 Bqaarerods — 1 acre A, 

640 acres........... " 1 square mile sq. ml. 

sq. ml. A. sq. rd. sq. yd. sq. fl. eq. In. 

1 _ 640 — 102.400 c= 3,0».60a => 27378,400 - 4,m4,489,«n 



ASD MEASVSES. 
SURVKTOH'S SQUAHK MEAaURE- 

tSS square llDkB (sq. U.) -c 1 BqnareRid ai.ld. 

16 Bquare rods. — t squarectuln sq.cb. 

30 Bquare chaina. -————.^ — 1 acre "- A, 

(i40 acres — l Bquare mile aq.inl. 

36 square miles {6 ml. Bquare) ^ I (ownshtp Tp. 

1 sq, mi. =- 940 A. '- 6,400 sq. ch, ^ 102,400 Bq. id. 
= 64,000,000 sq. 11. 
The acre contoluB 4,M0 sq. j'd., ot 43,560 >q. fl., and IB 
form of a square Is 20S.T1 ft. on a dde. 



OF ANOLIS OR AROS. 



1 It. angle or quadrant □ 
1 circle ... 



r. = 3«P - ai.eOO' — 1,296,000' 



«7.5 gialna (gr,) ... 



.. — 1 hundredweight .. 
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TROT WEIOHT. 

24 giainfl (gr.) - — 1 pennyweight pwt 

ao pennywdghta _ — 1 ounce oi, 

12 ounces — l pound lU 

lib. = 12 oi. - 240 pw(. - B.TTOgT. 

2 pints (pi.) ■= 1 quart - qt 

8 quarts = 1 peck pk, 

4 pecki ~ 1 buabel > .bo, 

Ibu. — 4pk. ~32qt.- e4pt. 

'Hie IT. 8. Etrucli bUKhel eontaloa 2.150.4! cu. in. — 1.S441 
cu. ft. Its dimenalons are, by Uw, \H\ in. In dlunetei and 
8 In. deep. The heaped bushel is equal to IJ stniek huahels,' 
the cone heioK 6 In. high. The dry gallon contains 2eB.a 
ca. in., being )bu. 

For appro^dmatlons. the bnahel may be lalcen at 1} en. tL; 
ot a cubic foot may be considered | of a bushel. 

The British bushel contains 2,Zie.I9cu. in. — 1.1S37cd.R^ 
•* 1.032 U. 8. bnshelB. 



i pints - — 1 quart .. 

* quarts " " 

811 gallons 

2 barrels, or 63 gallons " I hi^head hhd. 

Ihhd. = 2bbl. = 63 gal. = 252 qt. t= 6M pt. « 2.016 gl. 
The n. S. gallon contains 231 cu. in. " .134 cu. n.. nearly; 
or leu. R. contains T,4ao gal. The tbllowtng cyllndencon* 
lain the given mea.^ircs very closely : 

I>iaDi. Height [ IHam. Height 

0111 liln. 3lQ. Gallon ,...,. 7In. 61n. 

Pint SlhL 31n. Sgallons 14in. 12in. 

Quart 3tln. filn. | lOgallons 14in. isln. 

With water at its maitmum density (weighing 82.425 lb. 
per cu. fl.|, agallon of pure water weighs 8.345 lb. 
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Rir approxlmaQoiiB, I cu. ft. of water Is conildeied aqnal 

to 7i g&l., uid 1 gal. B£ welghins g) lb. 

The BiitlBh Impcri&I gallon, bath liquid and dry, con* 
(alna WISH en. In. ~ .16M6 oQ. ft., and Is equiTolent to Cb« 
Toluine Of 10 lb. of pure water at 62° F. To tedncfl XT. S. to 
Britlah liquid gallona, dlrldQ by 1.2. Conversely, to convert 
Brltlab Into U. B. liqnld gallona, multipl; by 1.% ot, Incrauo 
the Dnmber of gallons ;, 

HISCKLLANKOUS TABLK, 

12 artlcleg " 1 dozen. 20 quirca ^ 1 ream. 

12 dozen => 1 gross. 1 league •• S miles. 

12 gross — 1 great gross. 1 fathom ~ feet. 

2 artjcles — 1 pair. 1 hand — 4 IncbeK 

- W artlclea — 1 score. 1 palm > S Inches,' 

M Bheela — 1 quire. 1 span -^ 9 Inches 

1 knotdT.S.}- 6,0S6.a7fl. = UmileaCronghlr). 

I meter — 8 feet S| inches [nearly]. 



THE METRrC SYSTEM. 

The metric system Is based on the meter, vhlch, according 
to the U. S. Coast and Geodetic Survey Report of 18B*, Is equal 
to 39.S70132 Inches. Tbe value commonly used Is E9.37 Inches 
and la authorized by tbe U. 8, govemment. The (neter la 
dcSned as one ten-millionth the distance ftomthepoletotho 
equator, meaEured on a meridian paasine near Pcrla. 

There are three principal units-lho meter, the liter (pro- 
nounced lee-(er),and the gram, the units of lci\gth, caiiaclty, 
and weight, respectively. Multiples of these units are oblalneil 
by prefixing to the names of the principal units the Greek 
trords deca (10), bccto (lOG). and kilo (l,OOD)i tbe submulU. 
pies, or divlrfons, are obtained by prefiiing the latia woMa 
decl (A), centl (rfo), and mllU (rfn). These preflies fona 
the key to tbe entice system. In the following tables, tha 
abbreviations oftbeprlndpal units of these submuiuplesbegin 
with a small letter, whllethoiaof the multlplea begin with « 
capital letter : they should always be wilHen m here printed. 
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10 millimeters (mm.).,, 
10 declmew™. "■".■.■.■"'", 



100 square mlltlmeters(mm')= 1 square ci 

100 square ceDtimelels = I square d< 

100 square decimeters =1 square m 



= I sqiiare 

MEASURES OP VOLUMK. 



lOdecaliten — 1 heotoUler .... 



MCASUnCS Of WBIOHT. 

lOmllligrsma (mg.) = 1 centigram - eg. 

10 centigrams .^ I dmjcram dg. 

10 decigrams = 1 grum --g. 

10 grams = I decagram .Dg. 

loaecagrams = IhecliigraiH Hg. 

10 hectograms = l kilogram Kb. 

1,000 kilograma = I ton T. 
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ooNvcnsiON r««LBs. 

By meani of the tables on pages g and 9. metrtc m 
CAD be COD verted into English, aadviavena. by stm pie addi- 
tion. All the figures of the values given aie not required, 
folic or five digits being all that are commonly used; It la 
only In vei? exact calculations that all the dlglla 
atenecessary. Using table, proceed as follows; 1.828.8 
Change 8,171.8 feet into meters. Any number, as IM.W 
6,171.8, may be regarded as 6,«» + 400 + 70 + 1 21.338 
+ .8; also. 0,000 — 1,000X6; 400 - 100 XI, etc. -3048 

Eence, looking In the left-hand column of tbe '^^ 

upper table, page 39, for figure 6 (the first figure of y 972.(1046 
the given number), we find oppodteltlntbetblrd 
column, which U headed "Feet to Meters," the number 
1.8287838. Now, using but Ave digits and Increasing the flith 
digit by 1 (tince the next is greater than &) , we get 1,8288. In 
other words, 8 feet = 1.8288 meters; hence. 6,000 feet = 1,000 
X1.82SS =• 1.S2S.3, simply moving the decimal point three 
places to the right. LikewlBe, 4IW feet ^ 121.92meler8;70feel 
— 21,3£8 meters; 1 foot ^ .3048 meter, and ,8 foot ^ .243gme(«r. 
Adding as shown above, we get 1.972.601i> meters. 

Again, convert 19.633 liilos Into pounds The 2t048 
work should be perfuclly clear ftom the eiplana- IB.WIB 
Uon given above. The result Is 43.2875 pounds. 1-8228 

The only difficulty In applying these tables Ilea ■***• 
In locating the decimal point; it may always be ^^^^ 

iijund thus; If the figure conslJcccd Ues to the left 43.28^ 
Of the decimal point, count each figure in order, 
beginning with units (but calling unit's place zero), until the 
deeired figure is reached, then move the decimal point to 
the Tight as many places as the figure being conddered Is to 
the left of the unit figure. Thus, In the first coae above, 
6 lies three places to the lefl of 1, which Is in unit's place; 
hence, the decimal point I9 moved three places to the TigU. 
By exchanging the words "right" and "lell," the statement 
will also apply to decimals. Thus, in the second cose above, 
the 5 lies three places to the rtfiht of unit's place; hence, the 
decimal point in the number taken &om the table Is moved 
three places to the 141. 
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CoNvuuioH Table— English Uba81iiie8 Into Mbtbic 
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Metric . 
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CONVBEStOH TABUt— llETBIC UkAECBES INTO ENQLUB. 
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EngllBh. 


English. 
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<H Table— Meraic MeasubEs Into EnOLISH. 





Engllsb. 


English. 


Engluh. 


Engllih. 


Hetrio. 


Ueteis 


Square 
Metera 


£SS, 


IS 


J 


1,5MI.(I3I»2 

8,ioo.oeiM 

111 


10,7641(84 
Z1.52820eS 

S2.2ftaua 

96.STfi9306 
107.W10J40 


85.31MI63 
70.6S1232e 

SS:SS 


.Cai42KI10 
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SPECIFIC GRAVITIES AND WEIGHT& 

The spedllo graTlty of a solid or liquid body Is Uta nUo 
between Ita wd^ht and that of a like Tolume of dlEtUled 
Hater. If the Eolld is of Irregular Bhape. its BpeclDc grarltr 
ma; be found "bj welgliiiig It in ^ and in Water ; the loss of 
weight In water is the weight of an equal Tolume of water ; 
hence,if iris the weight In air, and IP the weight In wMw, 
the speelBo giavHy Is -^zrw' 

The weight of water Id varioiis cODdlHoos Is as follows: 
r, pure at 32° F. weighs S2.41T lb. per cu. ft. 



Water, pureat 39"?. weighs ._. 
Water, pure at K?>F. weighs 62. 
Water, pure at 212° F. weighs 53.' 



.35S lb. per cu. fL 



weighs S7.*» lb. per cu. tt 

Welgha6tol2]b. perou. ft. 

—weighs 151060 lb. percu.a. 



NaineofMet^. 


«£■ 


Weight 
per Cu. Ft, 
Pounds. 


Spedflo 
Grarity, 


Almninnni- — 


Im 

.105 

m. 

M* 
.260 
.277 
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!2g3 
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T.00 
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NameofMnterliil. 
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Gravity. 
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Common brickwork, pcment mortw 
Common brickwork, lime morlar 

Granite or limcftone, well drCBSed 


.21 
2» 
2.6& 
1.6S 
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Oat, live 
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on, tnrpenline 

Alcohol, commercml .. .. 

Water, dlaUlled, 39° F 

Water, lea 
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FORMULAa 

^\+i- ■■(.}/ xT^y •■-]]- 

The t«rm formula, »a used In mathematici and In technl- 
tal books, may be defined as a rule tn mlati tymbolt art tued 
iiaUad qf MionU: in bet, a. CbuDUla niaj be regarded as a 
riiorthand metbod of expres^Qg a rule. 

Moet people bavlog no knowledge of algebra regard fbr> 
nnilas wJtli distrual; the; tblnli tbat a person must be a good 
algtiiraio scbolar in older to be able lo use fiirmalaa. Tbls 
idea, however. Is erroneous. As a rule, no knowledge of 
any branch o( mathemitticB except arithmetic fa required W 
enable one to use a fbnoula. Any formula can be expressed 
in woids. and wben so expressed It becomes a rule. 

Formulas are much more convenient than rules; they show 
•t a glance all tbe operations that are lo be performed; Ihey 
do not require to be read three or four limes, as Is the case 
with most rules, to enable one lo understand their meaning; 
they take up much less space, both in the printed book and 
in one's note book, Chan rules; In short, whenever a rule can 
beeipresBod as a formula, the formula la lo be preferred. In 
(he following pages we purpose la show tbe reader how to 
use such foiTQulas as he la likely to encounter in "pocket* 
booke." or other works of like nature. 

Tbe signs used In formulas arc the ordinary signa indica- 
tive of operations and the ^gns of aggregaUon. All these 
aigns are Used in arithmetic, but, to refresh the reader^s 
memory, we will eipMn (heir nature and uses before pro- 
ceeding further. 

The signs Indicative of operations are six in number, vli,: 
+ , -, X, ». I , |/. 

The sign (+) Indicates addition, and is called plot; when 
placed between (wo quantities, it tndicales that the two 
quantities arc to be added. Thus, In the expression 2&-i-17, 
the sign ( + ) shows that 17 is to be added to 25. 

The sign 1-] Indicates subtraction, and is called mtoiu; 
^beo placed between two quantldes, It lodlcaies that (be 
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qnautity on the right 1b to be nibtracied (torn that od the 
left. Tbua, In the expteMon 1S> — 17, the dgn (— ) ihowa that 
17 Ii to be subtracted ftom £& 

TheElgnIx) Indlcatee multiplication, and Is read (fme>, or 
tnuMpI^fd }tu: vhi^n placed betvre«u two quautltles, 1*. Indl- 
cal«a that the quantity on the left Is to be multiplied by that 
on the right. Thus, !n the eipreaalun ^X n, the algn (X) 
■hows that 25 is to be multiplied by 17. 

The sign (-f-l Indicates division, aod Is read dirfdnt iy; 
when placed between two quantllles. It Indicates that th« 
quantity on the left Is to be divided by that on the right. 
Thus, in the expression 25 + 17, the sign [+) shows that 25 li 
to be divided by 17. 

DlvMon is also indicated by placing a straight lin« 
between the two quantities. Thus, 25 1 17, 25/17, and f# all 
Indicate that 25 is to be divided by 17. When both qnonUtlea 
are placed on the same horizontal line, the straight line 
Indicates that the quantity on the left is to be divided by 
that on the right. When one quantity is below the other, the 
straight line between indicates that (he quantity above tha 
Une is to be divided by the one below It. 

The itgn (>') Indicates that aome root of the qoanOty to 
the right la to be taken; It la called the radxal Asa. To 
Indicate what root is to be taken, a small Bgure. cal led the 
ftide);. Is placed within the sign, this being always omitted 
When the square root is to be Indicated. Thus.)' 25 Indicates 
tbatthesquarerootof 25IstObe taken; f 25 indicates that 
the cube root of 25 la to be taken, etc. 



Note.— As the term "quantity" is a yery convenient oi 
uae. we will define It. In mathematics the word ^uiiBh 
applied to snythiiw that it Is desired to aubtcct I 



la apSi 



.._ T operations M addition, subtraction, multiplication, 

etc, when we do not wish to be more xpedllc and state 
exactly what the tiling Is, Thus, we can say " (wo or more 
noinberH,'' or "two or more quantilieB." The word quantity 
la more general In its meaning than the word nomber. 

The algna of aggregation are (Our in number, viz.: , 

(),[Tpand \ I, respectively calkj the t^imJum, the paren- 
tAofa, the \iTiifM»t and the brace,- they are used when it l" 
desired to Indicate that ail the quantities Included by '' 
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•n to be Bul)Ject«d <o tlie Bame opentlon. Thui. If we detdra 
to laillc&te that the sum of 5 aod 8 Is to be multiplied by T, 
and we do not wlsb to actuollr add S and S before indicating 
the multlpUeatlOQ, we may e mploy any one of tlie fbur tigOB 
Of aggregation as here shown: 6 + 8X7, (5 + 8)X7. [S+8]X7. 
j 6 + S { X 7- The vlncuJum ia placed above the quantlllcs 
which aie to be treated as one quantity aud eabjectieA to the 
Bame operationa. 

While any one of Uie Ibur signs may be used as shown 
above, ciiat«m has leetrieted their use somewhat. The vlncu- 
Inm is rarely used eicept In connection with the radical sign. 
Thos. Instead of wriUng ^(5 + 8), ^[5 + 8], or ^|B + 8f 
fcr the cube root of 5 plus 8, all of wh ich w ould be coneol, 
the Tinculum la nearly always used, fb + 8. 

In coses where but one sign of aggregation Is needed 
(except, of course, when a root is to be Icdlcated), the 
parenthesis is always used. Hence. (5 + 8)X 7 would be the 
usual way of expressing the product of 5 plus 8 and 7. 

If two Elgnii of aggregation are needed, the brackets and 
parenthesis are used, so as to avoid having a paientheali 
within a pareuthesis, the brackets being placed outside. For 
©lample, [(20 - 5) -^ 3] X 9 means that the difiterence between 
SO and 5 is to be divided by 3. and this result multlphed by 6. 

If throe signs of aggreealion are required, the brace, 
bteckets, and parenthesis are used, the brace being placed 
outside, the brackets next, and the parenthesis inside. For 
eiample, J 1(20-5] + S] X 9— 21 J -t- 8 means that the quo- 
tient obtained by dividing the difference between 20 and 6 
by 3 is to be multiplied by 9; and that 21 la to tie subtracted 
from the product thus obtained, and the result divided by 8. 

Should it be necessary to use all four signs of aggrega- 
tion, the brace would bo put outside, the brackets neit, 
the parenthesis next, and the vinculum Intide. For example, 
J[|20 — S-^3)X9-211 + 8JX12. The reason Ibr using th« 
brace In this last Instance will be explained, as it Is not 
generally understood. 

When several quautltleB ate connected by the vailoui 
■igns indicating addition, subtraction, multiplication, and 

'4on, the operation Indicated by the sign of mnltipUcatloa 
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must alwafi lie performed first. Thui, 2 -) S X 4 equals li, S 
belngmultlplied ttf 4ber[|Te iuJdlng to 2. Birajlaily, 10 + 2 x S 
eqiialsl.elQce2X5equa!slO,a.!n3 10 + lOeqnalal, Hence, In 
the above CBse, If the brace were omitted, the remit would 
be 1; whereas, by Inserting tlie brace, the result Is 36. 

Following the sfgn of mulilplieation comes the sign of 
division in Its order of Imporlanoe. For example, 5 — B + S 
equalB2,flbeingdivldedby3beforeautitractlnKfrom6. The 
^gns of addilloD and subtraction are of equal value: that Is, 
If several quantities are connected by plus and minus signs, 
"ha indicated operations may be performed in the order Id 
which the quantiliea are placed. 

There Is one other sign used, which is neither a sign of 
aggregation nor a sign IndicatiTe of an operation to be per- 
il it Is (^), and Is called the sign of eqnality; II means . 
II on one side of it Is eiactly equal to all on the other 
Forexample, 2 = 2, 5-3-2. 6X(U-9)- 25. 
1 customary to omit the sign of multipUcstioii between 
r more quantities when they arc to be multiplied 
together, or between a number and a letter representing a 
quantity, it being always understood that when two letters 
ire adjacent with no sign between them, tbe quantltiea 
■epresented by these letters are to be multiplied. 

The sign of ma Itt plication, evidently, cannot be omitted 
between two or more numbers, asit would then be Impossible 
to distingalah the numbers. A near approach to this, how- 
Ever, may be attained by placing a dot between the numbers 
lliat are to be multiplied together, and this is frequently done 
in works on mathematics when !t is desired to economize 
space. In such cases It Is usual to put the dot higher than 
position occupied by the decimal point. Thus, 2'3means 
same as 2X»; M27491,00a indicates that the numbers 
542, 746, and 1,006 are to be multiplied together. 

It is also cnstomary to omit the sign of multiplication in 
eipreseionBalmilarto the following: ox Vb + c, 3 x (* + c), 
(h-H c) X Q, etc., writing them aViT+c, SI* + c), (h -1- c) o, etc. 
The sign is not omitted when several quantitiea are included 
byavineutum, and it is desired tolndicatethat the quantities 
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BO included tie U > be ronltl plled b y ano ther qnsntltr. 
For example. Sx^ + c, b + cxa, -^b + eX-O, etc., ua 
alvaya written u here printed. 

Belbie proceeding rurther. we will explain one olhei 
device that is used b; formula makers, and which It apt to 

use of what malhematicians call prima and luti., and Wliat 
printers call tuperior and inferior characten. Ab a lule. 
formula makers designate quaiiUdes by the initial letten ot 
the names of the quantities. For example, the; ref^esent 
volume by r. pressure by p, height by h, etc. This prscUco 
la to be commended, as the letter itself serves In many cases 
to identify the quanlity that it lepiesentB. Bome authors 
cany ibe practice a little further and represent all qoaDtltic^ 
of the same nature b; the same letter throughont the book, 
always having the same letter represent the same thing. 
Now, this practice necessitates the use of the primes and 
subs, above mentioned when two quantities have the some 
name, but represent different things. Thus, consider the 
word prixmre as applied (o steam at different stages between 
the boiler and the condenser. First, there Is oiioJitte pres- 
Hure, which Is equal to the gauge pressure in pounds per 
square inch plus the pressure Indicated by the barometer 
reading (usually assumed in practice to be 11.7 pounds per 
square Inch, when a barometer Is not at hand). If this be 
represented by p, how shall we represent the gauge pressure T 
Since the absolute pressure Is always greater than the gauge 
pressure, suppose we decide to represent It by a capital 
letter, and the gauge pressure by a small (lowerH^ase) letter. 
Doing so, P TeprescQts absolute pressure, and p gauge pres- 
sure. Further, there ia nsually a "drop" in pressure 
between the boiler and the engine, so that the Initial prea- 
Hure, or pressure at the beginning of the stroke, Is less than 
the pressure at the boiler. How ahalt we represent the 
initial pressure? We may do this In one of three wayi, and 
still relain the letter p or P to represent the word pressure: 
First, by the use of the prime mark; thus, p' oc P- (read p 
prime and p major prime) maybe considered to represent the 
'''Itial gauge prensure or the iiii.ini absolute pressure. 
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SeooDd. br the UM Of «ti1>. flgnra; thai, n or ^ (read pnk 

ime uid p mqfor *ub. one). Third, b; the on ot lub. letten 
lhag,p,oiP( {re«ilp»ii6. i and Prnqtor fui. fl. LlkBwl»o, p" 
(Teodp •ei»n(l),})i.orji,.ml(htbeiuedtoieFTeMiittheBBiig» 
pisBsuie at release, etc. Sub. letters hare the advantage oT 
HUl ftiTther identifrliig the quantll; repreeented; In many 
Instances, however^ tt is not convenient to use them. In which 
case primes and subs, are used insleod. The prime notation 
maTbe CDatlnued as IbllowB: p"',p!',p',etc.; It 1< Inadvlaable 
to tise superior flgima, foreiample.p',])'. p*, p*, elc., aather 
are liable to be mistaken (br eipanenti. 

The main thing to b« remembered by the reader la that 
tiften a fonaala ii given in wMeA the lame IttUrt occur mertil 
tlnui, all Hit letter$ laving Ou tame primt* ortabt. rtprttenlOit 
tame <piatiilUei, whUe thote tliai differ in anti raped repretmt 
different quiuiHtiee. Thus, In the formula 

j .. "il'i + '^'i't-H^'i'i 

W|, wt, and vii represent the weights of three different bodiME 
(,, tt. and I) their specific beats; and li, fg, and t, their tem- 
perature^ while { represents the final temperature, after the 
bodies have been mlied together. 

It Is very easy to apply the above tbrmnla when IhO 
Talues of the quantities reprcseuled by the different letten 
BTe linowD. All that is required i> to sobetltute the nomeil- 
cal values of the letters, and then perfonn the Indicated 
operations. Thus, sappose that the values ot v,, >i. and (i 
are, respectively. 2 pounds, ,09S1. and 80°: of »■, ■■, and r^ 
7,8 pounds, 1. and SP, and of ui, i,, and d. 31 pounds, .1138, 
and TSP; then, the final temperature ( is. substituting these 
TBiues fbr their respective letters in the formula. 

- - - - - < .1188X780 



t-^ 



< .0961 + 7.8 X 1 + 3i X .1138 



Ifi.gfl + SM + 288.183 017. a 



-110.S7O. 



&> sabstituting the numerical values, the rigni of mi 
idicadoD are, of coarse, written in their proper places; 

themultiplHationi _ 

to the rule previously glTen. 
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The reader ebould now be able to apply any fbrnmU 
iDToMng only algebraic eipMSSlons that he may meet with, 
not requiring the use of logarillims for their solution. Wo 
will, however, call ble utteDtlon to one Or two other beta 
which he may have forgotten. 

EipresdouBsimilaTto^sometlniea occur, the heavy lino 

indlcaUnglhatieo is lobe divided by the quoUent obtained 
by dividing «eO by 35, If both lines were Ught it would be 
taipoaaible to tell whether 160 was to be divided by — , or 
whether ^ was to be divided by 25. If this latter lesolt 

were dralred, the eipceraion would be written — . In every 
case the heavy line indicates that all above it Is to be divldefl 

^, the heavy line 



Is not necessary, dnce it ia imposdble to mistake the opera- 
tion that is required to be per/Onned. But, since T + ^ 
„ .^1+-^, ,f we substitute '^I^ /or 7 + f , the heavy 
line becomes necessary in order to nutlie the resulting eitires- 

""'•'~ ""S™ __i»_ m 
(MO 175 + 660 " m' 

'"'" SS 25 25 

Fractlorud eiponents are Bometimea used instead of th* 
radical atgn. That is, instead of indiCBtlnelhesquare, oub^ 
fourth root. etc. of some quantity, as 37 by t'^37, (^37, fsy, 
etc. these roots are Indicated by 37*. S7*, 37*, etc. Should 
the numerator of the fradtional exponent be bome quajitity 
other than 1, this quantity, whatever it may be, indicate* 
inat the quantity affected by the exponent Is to be raised to 
iho power indicalod bj 
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ttlwajn th» io&tx of the root. HeDcOmtMd of riTprfirtng 
tbe cube root ot the eqiwre of 37 u ^87*, It maj h« eipnoed 
Dt', the denominalot being the Index of the root; in othet 

wonJfl, ^S7» — 37*. Lttewiae, ^ (1 + a«6)» may alao he 
written (1 + 0%}^ ■ much simpler eipresdon. 

We will HQw give several eiBmpleB ahowing how to apply 
some of the more difficult formulas that the reader may 

The area of any aegrr 
equal to) a semicircle is ezprea 

In which S = area of segment; 
> - S.tUS; 

£ — angle obtained by drawing lines from the 

CeDtet to (he eitremiUes of arc of aegment; 
e •• chord of B^nnent; 
h — height of Begmeot. 
BSAKFLE,— What la the area of a BCgment Khose chord It 
10 In. long, angle subtended by chord ia S3.W, radiua ti 
T^in^aiid height of segmeut la 1,91 m.T 

Solution.— Applying the formula just given^ 

w^E e, ., 3.]U6X7.6»X83.46 10 „ , , „„ 

-*--8e0--2t'-'"-- 360 2<"-^"> 

•^ 10.968-27.95 ^ 13.018 iq. In., nearly. 
The area of any triangle may be found by means of the 



,.>^,pZ(ii^. 



ESiBPLE.— What la Ihe area of a triangle Whose aidesar© 
31 ft., 46 n.. and 50 ft long T 

BonmON.— In order to apply the formula, aoppose we let 
a represent the tide (hat is 21 It. long: b, the dde that la M It 
long: and c, the ride that la 46 R. long. Then, subnltatliig 



- T\ *"~l~ — rro ^J -g -y*" -Uo; 

- 26|/M1 — e.SS'- 28 i/M1 — 68.0625-25 (/ara.QSTS 
= 25 X 19.312 = *S2.8 Bq. ft., nearly. 

The above operalione have lieen eilended much furUia 
than WBH necessary; this was done la order to show the 
render every etep' of the process. 

The Kanklne-Gordon formula for detennlning the least 
load in pounds that will cause a long column to break is 



In which F = load (pi«ssore) In lb.; S - tfltlmate strength 
(in lb. per sq. In.) of material composing column: A = are* 
ofcrosa.Becltonofcolumniiisq.iii.; g = a faclor (multiplier) 
whose value depends on the shape of the ends of the column 
and on tiemalcrtttlcompodng the column; t — lenglhoftlie 
column in in.; G — least radius of gyration of crofis-sectioil 
of column. 

The values of S. ij, and G' are all given In lables to be 
found in books on stieogtli of mateiiais. 

EiAHl't-E.— What Is the least load (hat will break a bollow 
wrought-iron column whoee outside diameter is 14 in., imdde 
diameter 11 in., length 20 ft., and whose ends are Bat; 

SOLUtlOH.— For steel, S = 1M,000, and q — ^^ tor flat- 
ended Bteel columns: A, the area of the cross-secllon, — 
.7S54<iti' — d^>,t'i and dj being the outside and Inside dlan:t> 
Btera. respccUvely; [ - 20X12 - 240in.; and ffl - '''' J^**^ . 
Bnbatltuting these values In the formula, 

SA 150.000 X.VSMqi' — 11') 

1J. '' " 1 MO* , " 

l + 9gi ''" 25,000 ^ 14^ + U* 

iro,OWXBa.«» „ im^ _ T.filB.2Ulh. 
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MENSURATION. 



D — laigerdlameMr; 
d _ muiiei diameter; 

B — ladjiia coneBpoodlng lo o; 
r ■rm nilliu coiresponillng to d; 
p — perimeletor cltcamferenoe; 
C — ■reaofconreiBurfcce = area of flat kiiImw which oi 

be rolled Into the ibape shown; 
8 — area of entire snrfiwB = O + area of the end or enda; 
A — are* of plane fignte; 
* => S.Ulfl, nearly ^latloofao; cliciunference loltadlai 
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SENSVKATIOK, 

D = B+ a E + 

B" D—C. £' + 



Tbe above letters r 
Foi a ligbt-angled liiaagle, c 
bj'patctiuGe. 



6= l/t^-a". 

C" length of side opposite i 
^/j \ of au oblique-angled triangle. 

e — length of tdde oppoEile an obtuse angle 
of an oblique-angled triangle. 

c- i/a> -f tfl ■(- 26 e. 



For any trluiigle, 



b. 



V \ 



MEfSVRATIOrr. 



DivUe Into tvo triangles and s trapeiold. 

or, A-([*ft'+cA + a(A'+A)]. 
Or, divide tnlo two triangle* by driwlng 
a diagonal. Consider the disgonal as the 
base of both (riangleB. call its length I; 
call th« altHndee of the triangles hi - - - 




• The perimeterofan ellipse rnonot be enactlj 
without a very elaborate calculation, and thi( 
merely an approximation giving foirt; close re 
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A- teuBi of greatest >nd least heEghts. k^^ 
C-.pA-iFdA, [I 

S = i'dh + ^dt + area of elliptical top. 1 1 



MENSVSATIOH. 
CONK. 



rptusTUM or oonk. 

S = \lHI> + tl) + t{I» + fP)]. 



t^ 



i) = meandlainetpr; i^''\\ 



A prismold Is a «oUd having two parallel plane ends, the 
edgea of which are connected by plane triangular or quadri- 
lateral sDrRujes. 



MENSVRATIOS. 



n = areaofsecUoQ midway Ik 
I ^ perpendiculai distance b< 



IS between the correspond- 



M 



To obtain area oT base, divide it into triangles, axiA Qnd 
The formula for V applies Co any pyiamld nhose btue is 




= area of loivet base; 
= perimeter of upper bo 



= \HP + p) + A + a. 

ihe flrustum of any pyramid. . 



llEKSUSATIOIf. 
PRISM OR rARALLBLOPIPKO. 



,.S^@ 



For prisms with regular pol^'goii a 
basea. P = length of one tide x numtwr o( 

To obtain area of base. If It Is a polygon, divide it la 
angles, and flnil sumof patli&t aieas. 



angle, square, parallelograin, or i 
„ _ sum of leng ths of edges 
number of edges 



Divide the polygon into""i 
the partial areas. Olh 
and muKlpl)' by pnpei 



Triangle 
Square 
Pentixgon 

Hept^^n 
OclRgon 
Nonagon 
l>ei^ag.>n 



be length of one sldi 
le following (able: 
). Si'let. ifuUipHtr 



Divide the area into trapt'Silds, triangles, parts 
of circles, el«.. and And the !ium of the parlial areas. 

If the Hgure is very irregular, the approiimsle 
area ma; be found as follons: Divide (he figure 
into par(s by equidistant parallel lines b, c, d, 
etc. The lengths of these lines being measured, 
then, calling a (he flist and n the last length, and 
V (he vidth of strips. 
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Hj[, Google 



MBmUBATZON. 
T*BL»— ( OanUnutH). 



TABLS OF CDtCLSS. 
Ta bli— ( CoiMnued). 



31T.7M 


18 


841 

84{ 


266.868 


ats.tat 






3«.67S 




84 


266!6I3 




?5 


86 


267.036 


249.SGi 




SU 




M9.J57 






260.150 


58 


W 


268.214 




19 


268,607 


m93S 




»J 




261.328 


» 








861 


289.785 




03 










8^ 




2K1.8e9 


69 


270:«63 


S£S.e84 




861 
86 


271-366 


2u.on 




86 




!»*.4TO 




86 


272.534 


254.862 




» 


272.926 










M^ 




87 




288.0*0 




87 


274.105 










268.829 








257^38 


94 


87 




2S7.6U 






275.675 


as&oM 








268.807 








2S8.789 


44 


83 


278:b53 




63 


277.246 


2S9!57S 




88 




v».xt 






280.360 


34 












27&817 


2BLI4S 




88 


279,210 


261.638 








261.031 




i 


279!99S 


262,3^ 




280,388 


262.716 




89 


280.780 


263,109 








30 


89 


2Si:666 


263.SM 


78 


281.959 






89 
















i 




266.466 


95 


283,629 



KElfSURATlOS. 

Ta Ble— ( OtMinMd). 



aS3.9S2 


6,414.86 


9« 


291 


237 




fl, 132,62 


95 




630 




6,450.40 


30i 


02S 


285.100 


6,468.21 


9S| 


300 








951 


301 


W8 




6[503!»a 


951 




201 




8,521.78 


96 


so: 


>94 


286-671 


6,539.68 


96^ 
96l 








6,557.61 










9^ 


str. 


773 




6;5S3:54 


303 


164 


288.242 


6,611.55 


96 


so; 








96( 




950 




6[647!63 


961 


a> 


342 




6,665.70 


97 


30 


735 


289,813 


6,683.80 














"301 






6[7S!0!0B 




305 


913 


m991 


6.738.25 


97 


30< 


306 


291.383 


6,756.45 






699 


291.778 








091 




8;b11,20 


98 


i 


484 


Maiaii 


6,8J9.49 


98 






270 


293.»17 










662 




61866! 16 






309 


055 


294! 132 


6,884.53 


9i 




301 




2B4.525 


8,902.93 


K 








2M.918 


6,921.35 








233 


296.810 




91 




311 


^ 


SSiTOS 


6:958:26 


99 




311 




296.096 


6.976.76 


9i 
















3l' 


904 
196 


297.274 


7:<B2:39 


K 




31; 


589 


297.667 










^ 




7!069:59 










^-'^ 


7:i06:90 


1 




Si; 


160 



The prcpeding table may be used to determine the 

the dfametcr of a circle having an area of 7,200 aq. In, 1^ 
approiimalely, 9BI In. 



TABLES or DSCIMALS. 
. KQUIVALKNTa OF FARTS OF 



1-M 


015625 


lV-64 


265625 


33-64 


Jiitgab 


40-64 


.7S5626 


1-32 


:a31250 


9-S2 


:281250 


17-32 


.681250 


25-32 


.781250 


a-6t 


.(H6S7S 


19-M 




35-64 






.796376 




.oessoo 


6. IB 








iS'ie 


.812500 


Ce* 




21-64 






.578125 


53-61 


.828125 


8-S2 


.093750 


11-32 






.698750 


27-82 


.M3750 


7-64 


.109675 


2S-64 








55-64 


.859375 


l-B 


.125000 


SI 


.!r;50oi> 


S-6 




7-a 




9-64 


.140«e 


25-64 


.390625 


41-64 


:640e25 


67-64 


:8906i» 


6-82 


.156250 


18-82 


.4062M 


21-32 




29^ 


,900250 


11-64 




27-64 




4S-M 




60-64 




*-ie 




7-IB 




u-ta 


:6S7500 


It-It 




13-64 




29-64 




45-64 


.708125 


61-64 




7-33 




15-32 




23-82 


,7IK750 


81-32 




16-fl* 


















.260000 


l-Z 


.500000 


J-4 


'.Tjom 


' 


' 



OIMALS OF A FOOT POR EACH 1- 



ch. 
■ 




J)104 

)i3a 

i 

0234 
0260 

s 

BOS 

M43 
M69 

1 




!«1 

i 

0964 
0990 
016 
012 

120 

1 
1 




667 
745 

S 

i 
1 




2526 

2578 
.2*04 
.2630 

2682 
i7l30 

Ijj 

2B39 
2865 

i 

2»69 

i 

»99 


.3333 

1 

.8672 
.3698 

.3750 
!b828 

13932 


^ 



XESSUBATIOir, 
Tabli — ( OmUmied). 



Inch. 


0" 


1" 


2" 


y 


1" 


B" 


, 


0825 










4792 






















































































n 




IWi 


J4,4 


.3307 


.4141 





DECIMALS OF* TOOT FC 


R CA 


OH 1-M or AN IHOH. 


Inch. 


6" 


7' 


8" 


,■ 


10" 


11" 




.5000 


.5833 


6667 


.7500 


5333 


9167 








6693 
























.5078 










9245 




.51M 


.5937 


6771 


.7«M 


S437 


9271 






.6964 




.7630 












BS23 






1323 




.5183 


iflOia 






8516 


9319 




.S208 




6875 


.7708 


B542 


M75 








6901 














6927 










^m 










M5a 




.aii2 


.0146 


6979 


.7812 


8616 


9179 








7005 




X7i 


»05 


















Ji391 






:7m 


im 


e57 




.5417 




7083 


.7917 


W50 


»B3 








7109 










.54CS 










K3A 


■ 


.5495 




7161 


:7995 


i828 


B661 




.6521 




7l(« 




«54 


M8g 


















'.s.va 


:&ioa 


7240 


:8073 




»740 


Y 


.5509 


.6432 


7266 


.8099 


mi 


»766 


















.6C77 










1644 








7370 


.8^ 


1036 


«70 








7396 


.8229 












7422 






■922 
















H 


■**" 


.6641 


7474^ 


!8307 


9141, 


1974 



esoMETSiCAi, DSAwnrg. 
GEOMETRICAL' DRAWINa 

lb trai a prrpaidlcular le Oit Uae be 
al the point a. With ana center, and 
uif laOlat, B8 a^ strike arc; cutting the 
line At b and c. From b and c oa centals, 
ukd any radloi greater than ba, strike ~ 

arcs taterseetlng at d. Draw d o, which ,, 

will be perpendicular to 6 e at a. * 

I , 7b drmc a line paralld to ab. Atany 

points a and 6, with a radius equal to (hs 
reqaired distance between the Unes.drair 

area at i; and d. The line cd, tangent to 

* Ilie arcs, will be (be required parallel. 

Tbbtaed the angle b a c. With o 

center, Birike an arc cutting (hu Bid , 

the angle In b and e. With b and e as a <^ ] i^ - 
centers, and any radius, strike arcs Inter- ^"^ 
Bectlng, as at d. Draw d a, the bisector. 

b erfrl a pfrjimrfieaiar at llie end i>f aline. 
Take a ccnti-ranywhere above the line, as at 
Birike an arc paasing through a and 
ling the given line at c. Draw a lino 
' through e and i>, cutting the arc at d. Draw 
the line ad. which will bo the required 
perpendicular. 
Jb divide a line into any 
required lo divide the line ( 
line a d, and point off B equal dlvldonR, 
as shown. From S draw a line to b and 
draw i-i.', S-y, etc. parallel to 56. 

H> divtOe a tpace fttdceen (tra parallel 
Km» or turfaeei (for eiample, the spa- 
cing o( risera In a stairwaj-). Draw ai) 
and ee the given distance apart. Then move a scale along 
them, until as many spaces are included along o d as there are 
number of divisions reqiilrea. Mark the points I,f,S,elC, 
and draw llaea through them parallel to a b and e e. 



QEOMETSICAL DRAWISQ. 

The ujagiilludeof an angle depends 
not upon [he length of its sides, but 
upon the number of degrees cont«itied 
ID the arc or a circle drawn with the 
lertei as a center. The circle IB divided 
into 3C0 equal parts, called (te^reei. To 
divide a quadrant as shDwo in the fig- 
ure, first divide It Into 3 parts by the 
arcb at e and d, chords c <j and a < being 
equal Ui the radius. Then Eubdivide with dividers. 

An inscribed angle has its vertex (as i.- — ~^ 

c or d) in the circumference of a circle. //\^ 3^ 
Any angle Inserlbed in a Bemiolrole is // ,,_-^Kr\ 

a right angle, as a c 6, or a cl b. J/"-""^ -^» 

lb draiu a ciTCle Ihrough three poialt notina itraigM ttne, as 





tlon d will 



point (i. whlvh mII 
required circle. 
Tap'dlhcxiitet 

and draw 6n an 
lines by perpcndli 
>e the required center. 
rojliia a tlraiglit line aeartu equal to 
a seiai-circum/erenee, be o 6 c. On the 
diameter coDscruct the equilateral tri- 
angle a e A. Through o and cdraiv h e 
and A/. Tben e/ is the length of the 
semi -cl ream ference. Draiv any line, as 
hkh then If ts almost eiiictly the 
lei^th otiaekc, and b I that of arc b k. 



cirntJar anr. aa 

. Bisect these 
%: the inleriiec- 








OEOMETRICM DSAWINQ. 

Tti taaciibe an octagon in a H/uare, 
Ihe diftgouslB o c ana 6 d. With a 
ceat«r. and a e as a radius, btrlko ai 
CDttlDg Ihcaldeeor the square 
Rep«at the opetatlon at b, c, ■ 
drai ' 

1 found CD form the flgur 

To dram any rrgiUar polygon in a eirrie. 
Divide 360° by the number of sides; the 
qnotieiit will be Ihe angle aab. Lay off 
tbis angle at (he center ullh a protraelor. 
and draw ils chord, a aide of the required 
polygon. Step thiKSlde iiround on the cir- 
cumference, and connect ibe points found. 
7b drOMJ a legment of a Hrelr. having jriwi Hf chord a b and 
heiglii c d. Draw ef. through d. parallel to a ^ also, a d and 
db. Draw oe and ft/perpendloulai 
a d and li b; also n A and b J 
iilar to ab, DiTide ec '_' 
and M^lnlo the same nnmber of equal 
parU. Draw lines cbnnecting the points ai shown, and trace 
the curve through the Intersections. 

To draa a leffmmt if a eirrie bti mfan» of a fixed (nnngfe. 
Let aB he the required chord, and dr the rise Drive nails at 
a aitd ft. Make a triangle, as shown, 
from thin strips, so lliat the vertex 

«ow, by m 
always keeping the sides touching the uails at 
arc may be traced by a pencil held at <:. 
To draa an eUJpse, Iiai'ing given Ihe 
aic>. Draw concentric circles whose 
diameters are equal to the axes a b 
and c d. From o dravi any radius, aa o 
e. From g, where o e cuts Ihe inner 
circle, draw g/ patallel to the malor 
axis a b. From e, draw rf paralUO to 
the minor axis de. Tbeinte™e<tion/ 
givesa point on the elUpse, Other polwai 



jerpendloular to j j , ^ 

idbtperpendic. VfcSfn^/ 
:.d/.ac.eb.a\ yTl I i 1^ 



g the triangle. 




OEOMETRICAL DRA W1S9. 

dKpie with a tiring, liaving 0vea the <net a b 
-.od. Wllbcaaaceater.siidandluB 
equal to u b, strike area cutting Cbe mnjat 
at e and /, the foci of the ellipse. 
Stick pins at e and /, and attacli a etring 
|t as Ehown, the length of the Btiing being 
equal to (he length of the majioT axis. 
Keep the string Etretcbed with a pencil 
point, and sweep around tbe elllpee. 
Jb drow a parabola. Having given the 
coordlDates a b and be.to draw a parabola, 
complete the reclangle abed. Divide be 
and c d into the same aumher of equal 
parts. From J', f, f, etc., draw lines 
tbiough a. Through I, 
lines parallel to a b. The It 




', off 







poinla on the required parabola. 



B)rTw»-F«otRill«.— To lay off any angle glTen inti 
open tbe rale at the middle until the distance betveen the 
Inside corners at Ibe knuckle joints (6-incbes mark) is equal 
to the distance given for that angle under Chord. 



BLVBPRISTa. 76 

BLUEPRINTS. 

Plamben and fltten' drawings are usually blneprinU. 
They are copteg or diawioge of tbe plumbiog oi healing 
■jBtem made on tracing cloth. 

BlDeprlnt paper fbr copying tracings of plaoi tuld Othar 
drawing! may be prepared as tollowa; Dlaolve 1 oz. ayoir- 
dapoli, of ammonia citrate of Iron in 6 oi. of vater. and tn a 
separate bottle dlnolve the same quantity of polosalum Ferrl- 
cyanide in 6 oe. of water. Keep these solatlons separate, and 
In a dark place, orin opaque bottles. 

To prepare tbe paper, mil equal quautmee of tbe two 
•olntlons. and with a sponge Gpread It evenly orer the but- 
lkc«. Let the paper remain in a horizontal position until 
tbe chemical has set on [he surface, which Till take but a 
few minutes; theik hang the paper up to dry. In preparing 
the paper darken tbe room by pulUiig down the shades, aa 
direct rays of light affect sensitized surfaces. Tbe prepared 
paper should be kept Id a closed drawer, well covered with 
heavy paper, so that no light can come in coutnet with tb« 
sensitized surface: otherwise It will loce much of iu value. 

To makes blueprint trom a tracing, lay the tracing with ink 
aide down against the glass of the printing A'ame. then take 
the prepared paper, and place tbe sensitized surface down on 
the tracing. On the lop of the paper place the felt cushion, 
on top of which place the hinged back of tbe priatlng 
tl»nie. after which expose to the sunlight The exposure 
will vary Id sunlight from about 3 to 10 minutes. Alter the 
exposure, wash tbe paper thoroughly In a trough of cold 
water for about 10 minutes, and bang it up to dry. 

Tbe print after washing should be of a deep-blue color, 
with clear white lines. If the color la a pale blue, this indi- 
calea that the print has not had soStcient exposure, and U 
tbe lines of the drawing are not perfectly clear and white, 
that the exposure has been too long. 

CorrecHonB may be made on the print with an ordinary 
writing or ruling pen and a solution of washing soda, caostio 
potash, atnrag ammonia, or any other alkali. When any of 
these are mixed with carmine ink, the marks on the print 
will be ted, thns ""fcine the correctlonB cleu'. 



MECHANICS. 

MECHANICS. 



Let => 32 Ifi — coiu 

lion of the earth; 
e = iiuml>«rof!ieconda that the body falls; 
J^ — velocity In feet per second at the end of tl 

h = distance that the body falls durtng the time t. 

Then, v^gt-— = ^figh = 8.02 VS. 

A = ? ' = ^ - ^ - .015M7 u". 



" yg " ■^''* '^ 



CENTHIFuaAL PORCK. 

F — centrifugal force in pounds ; 

W= weightof revolving bodrinpouodsr 

r ^ distance Horn the axis of motion to the Center ol 

gravity of the body in feet; 
y ^ number of revolutions permlnntei 

V = velocity In feet per second. 

F = J^— = .00034 Wr y. 
gr 

In calculating the ecnlrifiigal force of flywheels, it if 
customary to neglect the arms and take r equal to the mean 
radius of the rim ; In ench caws W is taken as one-hatf the 
weight of the rim- The result Ihns obtained, divided by r it 
approximalt'ly the force tending Co burst (he flywheel rim. 

EXAMPi.R,— What is the force tending to burst a flywheel 
ilm weighing 7 tons, making IfiO rev. per mln., and having 
■ meanradinsoffilt? 

^^ . 00034 XUX 7\2,0TOI5 X 150= jS 227 ib 



MECHANICAL POWERS. 



'■■.L. FL^Wl. 



P:W^l:L. FL^WL 

Wa _ _Fa^ 

F—W' F- H' 

F:W=r:R. FS = Wr. 



ICrr' FRSf 

n = number of reTolultona of large gear. 

n : »' = r' : «. 

v.v'^tt' :RS'. 

V = YCloclty of IT; V = velocity of F. 

„ Wrr'f^ „, FSRR" 



v:^-rT'r":RR'S". 
r, r", 1*. etc. = radii of Ihe pinions; 
fi, jr. K", etc. = radii of che wheela. 



78 USCBASICS. 

let db and gb tepreseot the 
tloDa of two forces that act to more the 
body b. Br complettng the parallel- 
ogram there will be obtained a diagonal 
force fb, whose magnitude and direction 
are equal to the effect produced br it A and 
gb. /frtecalledlhereBUltaDtof dbandgb. 

If three or more Ibrces act in different direction! to 

move a bodf b, Sad the rcEultant of 

any two of tbem. and consider It ai 

a tdngle force. Between this and ths 

It force find a second resuKant, Thus, 

b, and rb are magnitudes and 

ons of the forces. p6 + g6fr6 = 

lib + rb "Jb. the magnitude and dlre» 

tlon of tlietbiee forces, pb.qb.BnOrb. 



«— Telocllr of »■; 1/ = Telocityof J. 



Iftbe force Fbe applied at oand Mt 
upwaide, the result will be the same. 

f - 211. 
- Telocity of IK; W = Telodty of JS 



F: W^ I: i.orF ^ i W. 
Let » " number of parta of rope, not 
oonnting the free end, 

/■= W* u. v:tf = l:u. 
« — velocity o( IT; v' = velocity of f. 



MECHASICAL POWESa. 



n 



MOVABUB PUt-LKY. 

F=. i W. F: W ^liB. 
Let u •■ number of parM of rape, oat 
conntlDg the Aee end; then. 

F = Wf a. V -.if = I: u. 
V = velocity of B"; e" — velocity of F. 



u — number of morablc pulleys. 

F~ ^. W=2'F. 

: »" — 1 : 2-. 

- velocltrof JFiy — velocity of*; 



DIFFERENTIAL PULLKT. 



t FIXED FULLKY. 



Fl _F_ 

■ h ~ Haa 



F -^ fbrce required to drive the wedge; 



P = pitch of the screw; 
r = radiuB on which the force F licti. 
F: W::P:2wr. 



HYOROM ECHANICS. 



Hydrostatics treats of liquids at real Tinder the setton of 
forces. If a liquid is acted on by a pressure, the pressure pet 
untt of area, eiertcd any where OD the mass of liquid is trans- 
mitted inidiiniTiiBhed in ali directions, and acts with the 
same force on ail surfaces, la a direction at right angies to 

6en»il Liar for tha Dswnwird Prasiire s* til* Bottam tH Aay 
VMtel.— The pressure on Ihe bottom of a vessel coutabiing a 
liquid lelnde[)endentof the shape of ihe vessel, and Is equal 
to the wcightof aprismof the liquid whose iHseis the same 
as the holtom of the vessel, and whose aiutude is thedlstance 
betiveen the Iwtlom and the upper Eurlaoe of the liquid, plus 
the pressure per unit of area upon the upper suriace Of the 
liquid multiplied by the area of the bottom of the vesse). 

Baneril Law for Upwitd Praisux.— The upward pressure on 
any submerged horizontal surfece equals the weight of a 
prismof the liquid whose base has an area equal to the area of 
the submerged siirfsce. and whose altitude is Ihe dislance 
between Ihe submerged surface and the upper surface of the 
liquid, plug the pressure per unit of area on the upper surfeoe 
of the liquid multiplied by the area of the submerned surface. 

Gensral Liw for Lttatal Pceiaure.— The pressure on any Te^ 
tical surface due to the weight of the liquid Is equal to the 
weight of a prtem of the liquid whose base has the same area 
as the vertical Gurface. and whose altitude is the depth of the 
center of gravity of the vertical surfece below the level of 
the liquid. Any additional pressure la to be added. 



BrDSOMECHAtllCS. Bl 

PriMir* •■ OMI4H SirfnN.— Tbe prMBnre eierUd b; m 
liquid In any dlrectloii on k plane lUTface la equal ui the 
welghtof ■ prism ot the Uqnid whose ba«e is tbe projection 
of the suTDtce at right angle* to the given direction, and 
whose height la the depth of tbe center of gravltr of the 
goi&ce below tbe level of the liquid. 

U a cylinder la Qlled with water, and a preasure applied. 
the total pressure 011 any balf section of the cylinder Is equal 
to the projected area of tbe half cylinder (oi tbe diameter 
mlilUplied by the length of the cylinder) multiplied bj the 
deplh of (be center of gravity of tbe half cylinder, malUpUed 
by tbe weight of a cubic inch of wat«r,plue tbe diameter of 
the shell, multiplied by tbe presnire per iqnaic Inch, multi- 
plied by the length of the cylinder. 

If if = tbe diameter, and ( — tbe length of tbe cylinder, 
tbe presure due to the weight of tbe water when tba 
Syllndei is vertical upon tbe lialf cylinder — dxtX^X tba 
weight of a cubic Inch of water — d X ^ X the weight of a 
cubic Inch of water; d and I are to be measured iu incbea. 

The presBUre in pounds per square inch due to a bead of 
water Is equal to the head In feet multiplied by ,434, 

The head equals the pressure In pounds per square inch 
multiplied by 2.304, 

EiAMPLE.— (o) What is the pressure per square inch cor- 
responding to a h«a of water of I7j ft. ? {b) If the prcn.'ura 
had been 90 lb. persq. in., what would the head have beenT 

SOLunoM.— (a) 175 X ,434 = TS.ffi ib, per sq. in. 
(fc) WX2.3W = !»-.36(t. 



Sydrok{netici. also called hydrodynamics and hydraulics, 
treats of water In motion. When water flows in a pipe, con- 
duit, or channel of any kind, tbe velocity Is not the same at 
all points of the Bow. unless all cro&s-scctloiis of Ibe pipe or 
channel are equal, Thatvelocity which, being multiplied by 
the area of the cross-section of the slieara. will equal thg 
total quantlly discharged, is called tbe ni«an vdocUy. 



8S MECBANICB. 

Let Q =• qnantlt; that pases aiVBeetlm In Incand; 

A — area of tbeeecdoa; 
V ^ iD«an velocltT In teet per second. 
T&en, Q — ^ f, and f — 2' 

Tbe vertical dtslsDce between tba IcTel but&m of tbe 
water and tlia center of the aperture thtonsh wUcb It Sowi^ 
la called (he head. 

Let V^ mean veloclt; of efflux through a small aperture; 
h ^ head In feet at the center of the apertore; 
u> ^ weight of water flowing Ihivugh the apertnw 
per second. 
Then, V^ V^ah; that Is. the velocity of efflux Is the 
nme aa if the water had fallen thioogh a height equal Ut 
the head. 

Let Q = theoretical anmber of cable feet discharged pra 

F. — meao velocity through oilflce la feet per second; 

A = area of orifice; 

A — theoretical head necessary to give a meaa 

velocity V„; 
^ — actual quantity dischaiged In cubic (tet per 

Then, fbr an orifice in a thin plate, or a square-edged 
orifice (the hole Itselfmay be ofany shape, triangular. Bqnaie, 
circular, etc., but the edges uuut not be rounded), the actual 
quantity discharged is 

& = .615Q — .618 Jr„. 

The weir Is a device used fbr measuHng the discharge of 
water. It Is a lelangular orifice through which the water 

If d = the depth of the opening In Ret, and b its breadth 
in feet, the area of the opening la J = d x fc, and the Iheo- 
relical discharge Is Q = d X 6 X V. = d^ Xl/2ffd, the 
head for this case being taken as d. 

Tlie actual discharge when tie top of the weir lies at the 
iurface of tba water fs 

C = .S]se — ,615Xd6x t/aj^ — .615X16 V^affS"™ 
Ui88hi/d'. 
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If A, la tlie depth Id feet of (He top of a irdi bikyw th* 
tailtxe or tbe water, utd h 1* the depth In fMt of the botlcait 
of the weir below the mrbce of the wtter, the totiul dl» 
charge Q^ In coble fbet per second, li 
«i =. .Blfi X I & V'ie(V'»-l/'>,') - S.28B6(v'B-v'5»). 

ruow OP wATKR IN pipcs. 
L«t v. — meeu velocity of dischuge In feet per noond; 
A » total head In feel =• rertlcal distance bctveen 
the level of water In reeerrolr and the point 
of discbarge: 
i = length of pipe in feet; 
d = diameter of pipe inlnchei; 
/ = coeiDcient of friclion. 
Then, fbr straight cylindrical pipes of uniform dlunMar, 
the mean velocity of efflux may be calculated by the 
Kirniula, J aj 

'■--'•»'\>r+-i« »> 

IfoTB.— The hefid Is always taKCT- as the vertical distance 
between the ptrint of dischorga ana the level of the water at 
iho .Tiirce, or point ftom which It is taiten, and is always 
d In leet. It matten not how long the pipe la— 

"' "' jTlQCllncd, whetheretraight 01 ' — 

^j- _. .1, _, u.,„._ .,., 

stated above. 

Bxu<FLE,— What la th 
G" pipe, G.T90 ft. long, If tb 

SOLCIJON. — 



In which the letters have the saiue meaning ae in the i 
ding formula. This formula may be used when theli 
«f IlkB ^pe exceedB 10,000 tlmca lis diameter. 



Tbeactoal head necemuT to pfodnee a 

V„ may b« calculBiteil by Uie iOrmula 



that la, the discbarge in ^allOQB per eecocd equal* .0M4S 
tlmeatbe square of ibe diameter of the pipe In tncbes, maltl> 
plied by tbe Bquare root of tbe head Id feet, mulUplled by the 
diameter of ibe pipe In Inches, divided by iha coefflcieatof 
fficUon timee tbe length of tbe pipe in feet, plus .123 times 
the diameter of the pipe In Inches, 

To find the value of/, calculate V, by formula (6) aasu- 
ming that / = .oa, and get the flnaj value of ' ftom ths 
following tabic: 



V. 


/ 


"- 


f 


v„ 


/ 


.2 


.OfiSfi 


■| 


.OWfl 


a 


Jam 






l'* 


s 


J 


■^. 






a 








.6 




MJSi 




.om 



ElAHPLE.— The length of a pipe Is 6,i70 ft., lis dlsmelet Ii 
8 in. and the total head at tbe point of discharge \a3alL 
How many gallons are discharged pet minute? 

SOLUIIDN.— 

I'. = 2.315 ■J-fj25 x'e,;™ " ''^ **■ P'"' ^"^■' "*"■''- 

Using the vnluc off - .0205 for f. - S (see table), Q m 

,OWBB X ^"^02 05 X e^TO + \ I2S X 8) ~ ^°^ gal. per aee. - 

It it is desired to And tbe bead necessary to glvea dlKliargt 
at a certain number of gollona per second tbroush a fipt 
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wliow length ind diameter are known, cftleoltl* the maui 

Telocity of efflni by using the Ibrmula 

V -MLB.. M 

Oiul-the value or/ttom Uie table, comepoDdlQg to tblnTklav 
of V_, and nibnitnte these values or/ and K_ in tbe tbimula 
finthebead. 

ExiMPLf.— A 4" idpe, 2,000 ft. long. U to dlicbaig« !4,ai» 
gal. of water pei hr.; what head la necessarrf 

»>'"■"- SS -«'»■■■« "•■ "-- - ^'^ 

Rom tbe table, / — .oaofi for V. — 8, and .Olte tar f. 

— 12; OESDinethat/— .OStbr V_ - ia3. 

Then, h = ^^^^™. ^ — -- + .0233 X 10.2* - lOeJlS ft. 

To And the dlaineler of a pipe that will give any required 
discharge Iq gallons p«r second, the total leogth of the pipe 
and the head being known, find (Ae mlue of d byformiUa (/)j 
tttlUtUvU thia value in farmvla (c), and fnd Ihe vaiue o/ V„ 
T!ienfind frorn thetaUe the vaiue of J correspondinyto IhimcUue 
ilfV^. SiiMilaU Otemlaeiqf d and J jMt found in tlie right- 
kand member o}Jormvla {g) and ndvefor d; the reiuU irfU be We 
diameter qf Itie pipe, aceuTote enough for aapraetical pi 



.X.2Biff. tf) ._2.«-^pB^. 



to) 



EXAHFLE.— A pipe 2.0M ft. long 1» required to discharge 
3*,000 gal. of water pet hr. The head being 195 ft., what 
ghonld be the diameter of the plpeT 

BOLunoH. — Q - ^~ - S} goL per sec. SobetitQ- 



d- 1.229^^ 



SubsUtutlng this value In fcrmula (e), F, - " 4 , ^ - 
9.35Z ft. per. sec. Fn>m (hetable, the vB.!iie of/for K, ^ 0.361 
ll .0201. Bubstltnting this value of/ and the value of <I, found 
above. In fonnnla (g). 
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BUILDING CONSTRUCTION. 



Glass. 1 in, thick 

Hemlock BheKthlng. 1 )Q. tbick _~.... 

Lath-aQd-pliuterceilliiK(ordiiUUT) — — 

NeponseC roofing feit, iTIayers ^~— 

Spruce sheallilQg, 1 in, thick — ~ 

Shtngies, 8"X 18". i to weftUier 

Skylight of (class, i^ to i tn., iocludli^ fruue 

Blag roof, *-ply 

Tin, IX 

White-pine shealhinK, 1 in, thick 

YelloW'piue Glieaihltig, 1 in. thick 





o noora. 


Material. 


Weight. 


Floort. ivdading i€elahl o/lieami— 

Wooden, in il«elllnKs 

Wooden, office buildings 


10-15 


PnrtjMoBs— 








RigsJ'-Hndhiuf:-::.,;,,: 










inTiQ 
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?ffii' 


Weigbt. Lb.pert^. 




Brtck Arch. 


Hollow Tile. 


'i 


1 


6K-HI 



WEICHT OF riB 


ipnoopi 


ia MATKK 


ALS. 


.,.,. 


V- 


™a~ 


MX 


De ae-Ul fl t h 


4-7 


1 6-12 

1 a-6 

1 3-« 


2M2 


Porous-llleflatarch 

Dense-lile pftTilUon 

PoroUB-tile celUn ™.;i;;!! 
Porous-tUe rooflng, 


H-p 





WIND 


PRKSSUR 


E. 




»...,„ 


... 


&. 


I.b. IHT *[. Ft. 


F 






30 






Sliffbreeie 




aie 








100 
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ICAKtNa LOADS. 

the B&te norking limda allowable 



The [bllowlDg table gli 
in good practice for brickwork, masonry, mi foundation 
soiU; in other worda, caleulations may be based directly 
on tbe values given, without using any fkctor of aaTety. 



uid Stone Masonry. 



Hard, laid la Bosendale i 



Squar^ Elonework 

Hubble stoneiToA, laid In lime morle: 

Bubble alonenork, laid In cement m 
Limestone, capstone 

Squared stonework . 

Bubble, laid in lime mortar 

Rubble, laid in cement mortar 

Concrete, 1 Portland, 2 sand, 5 broken : 



Quicksand, alluvisi snils. etc.... 
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LOADS POn nOUNO OACT-HtON 

(Al Vioatand Poundt.) 



^. Length 



Column In Feet. 





10 it. 


nx 


14 ft. 


wn. 


18 n. 


20 ft. 




i 

910 
1,073 

\s 

l.SW 

i 

2,110 

lis 

2,SS0 

3 

li 


■ 


1 

!*! 

no 

i 

300 
KiO 

i 

Mil 

NO 

1 


i02 

542 
MO 

1 

',<m 
:iro 

1 

.S90 


270 
900 

zitfio 


M7 

400 
6§ 
625 

fiS5 

1 

'mo 

:S20 

:^ 
2:300 

2.110 


339 
S52 
406 

i 

430 

T. 

705 

sso 
eeo 

:51? 

i 

,470 

i 

,670 

'.070 
2,250 
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•AH UNrPORMLV DISTRiaUTED LOADS FOR l(SO> 
TANQUIAR yfQODCN ■BAMS 1 INCH THICK. 



FMt. 


Depth of Beam. 


6" 


7" 


8" 


9" 


K.' 


12" 


11" 


16" 


~ 


800 


1,0B0 


1,120 


1.800 


2,220 


3,200 


4,380 


6,690 








1.100 


1,500 




2.670 


3,650 




g 


570 
.M0_ 


780 


1.020 


1,290 

1,130 


1,590 
1,SM 


2,290 
2,000 


3,180 
2.740 


l!o60 
8,560 




TST 










1,780 


2,430 


3,iea 


10 


100 


-MO- 


710 


'soo 




1.600 


2,190 


2,81l> 


12 


36G 
835 


195 
l&O 


-6351 


^ 


1,010 


1,460 
1.330 


1,990 


2,590 
2,370 


13 
M 


810 
2B5 


120 


f. 


-So 

610 


-i 


1.230 
1.150 


l!570 


2,a» 

2,010 


15 




sao 


480 


600 


740 


1.070 


1,460 


1,900 


18 
17 


250 


810 


150 


560 


Z 


■^ 


1.370 
1.290 


1,780 
1.680 


IS 






*» 


WO 




8B0 


1,220 


1,600 


!» 


200 


290 
272 


880 

S60 


480 


590 


840 


1,090 


1,600 
1,120 


21 


180 


218 


m 


410 


510 


730 


1.M0 
1,000 


4^ 


2S 


175 


m 


810 


S90 


480 


700 




1,240 


21 
















uso 






m 




360 


450 




880 


1.140 


28 


155 


210 


275 


350 


430 


620 


MO 


1,100 














590 




1,060 










3t5 


400 


670 


780 


1,020 




138 




246 


807 


530 


650 


760 


980 


30 


131 


m 


237 


297 


370 


530 


780 


960 



Safe load toi 
lies tn Incbes, 

ThlckneBS foi on; load 



Hd for I in. X thick- 
load for 1 In. 
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MATEnrALS OF CONSmUCTION. 

STONK. 

SrMlU li tha moM Taliutble iloDe vhere Etrength !■ 
required, Ita cnuhlDg gtreagth averaging about 20,000 Itb 
per aq. In. Eiposed to fire, It dlBln(cgTst«s at ft tempentiire 
or ftom flOD°lo 1,000° F., bdng len dunb1« Id this respect 
than flne-gralned, compact aauiIaloDei. The average velght 
01 granlle la about 1G7 lb. per CD. tt, 

liaHttM Is a Tery common building stone, and. when 
compact, is verr durable. It Is usually quite absorpllTc, and 
becomes dinjr qulckl; ; nhlle under Intense heat, it is i^on- 
TGiCed into lime. Limestone must be well seasoned befoTe 
use, lo gel rid of the quarry water. The strength of lime- 
■tone varies trom T.OOO to 25,000 lb. per sq. In., the average 
being aboai 15,000 lb. Tbe weiglit or llmeslone Is about 155 
to 160 lb. per eu. ft. 

Sh4iI«i( i£, Id general, an excellent building stone, 
capable of resisting great best, and the better kinds atisoib 
onir small quantities of water. Thedark-broiva, Blntf sand* 
■tones retain their Color very well, ranking belter than 
granile. A stone conlainlng much pyrites becomes unevenly 
discolored, due to Ibrmallon of rusi, and, hence, tbe stona 
■faODid be carenillf eiamlned in (hla respect. The average 
strength of eandnonea Is about ll.OUO lb. per sq. In., varying 
lh>m 4,000 to 17,0Wlb. Tbe weight of sandstone Is about 
140 lb. pet cu. a. 

When a good stone Is lapped iritb a hammer. It gives out 
Bringing sound. The atiEorptive quality of a stone may be 
tested by noting tbe liicrFase in weight nfter soakingr In 
water for 21 hours. One tbat iDcieases 6 per oent. or dom 
should not be used. 



If two good bricks are struck together, they glT« oat a ring" 
log sound; while if the sound in dull, the brick la of Inferior 
quality. A good brick will not absorb more than 10 percent, 
of Its weight of water; the beat will not absorb over 6 pet 
cent, while soft brick will take up ftom 25 to 35 per cent 



BviLvma coysTBUCTios. 

size OP BRIOK. 



„„.. 


^Si- 


KS,-. 


!:;e 


Common brict 

HS,f.#fe.£i-.V. 


3 


1 


1 










Stourbridge firebrick;:!!!; 


1 



Solid terra cotia welghE aboul 120 lb. per cu. It., while hoi- 
lov pieces of oi^laary size average from 65 to 86 lb. Tbe nH 
working strength qf terra-cotta lloeka in walls Is about S Mm 
per eq. A., if unUUed, auil lo ions, It lllled solid with concreta 



Lime welghp about 6S lb. per bu., or about 63 lb. per Cn. ft. 
One barrel of time, weighing 230 lb., nlll make about ZibbL, 
or .3 cu. yd., of stiff paste. In 1-to-S mortar, Ibbl. of unslaked 
lime will make about ejbbl. of mortar; or Ibbl. of lime piut« 
will make about 3 bbl. of monar. For a l-to-2 mortar, about 
1 bbl. of quicklime to 6 or 51 bbl. cf saud are used. 



The two kinds of hydraulic cements are termed Portland 
and natural (ollea called Roscndale, itvm a place In New 
York where much of It Is made). 

Portland cements are dark in color, neigh ttom 9a to 100 lb. 
per I'u. ft., are very slow lu setliMg, and attain great ulUmate 
strength. Natural cements are light In color, weigh Item 
00 to 60 lb. per cu. ft., arc very quick setting, and become 
from 1 to t as strong as Portland cement. 
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A torrel Of PoitUnd cement wel^u about STS lb. net; ona 

or the Eastern BoseadHlea, 800 lb., and Western Roeendalei 
(ftom Wisconsin. Kentucky, tllinala, etc.). about leSlb. A 
cubic foot of slightly compBCted cement mixed nitb i cu. It. 
of irater will make rrom | to ) cu. «. ot paste; or 1 bbl. of 
cement will make about 3) cm ft. of stiff paAO. 



A very good concrete may be made by using the Ibflow- 
Ing quanlllies of malerlala, which, when mixed, will mata 
1 cu. yd.: 2 bbl. of Bosendale cement, t cu. yd. of sand, and 
ftcu.yd.ofbrok™8tone. 

The strength of concrete Increases considerably with age. 
For example, a Portland^'cmeut coueroto, 1 month old, will 
crush under a load of about 16 tons ptrH). ft., while If It la k 
year old. it will aualain about 109 Ions per sq. ft. Natural, 
cement concretes, of ages from 6 monthn to 4 yean, ihoned 
crushing Gtrengthaofniim TO to 100 tuna per sq. tt. 



The thickness of foundat 
controlled by the building : 
Ing laws, the following table 





sss. 






Brick. 
Inches. 


Inches. 


Inchei 


Si 


Two stories 


12 or 16 
34 


20 

■a 


1 
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n roof coveriDgB in common umb, 

namel;. flat jmni and 

uiing Kom. In the (br- 

l^= mer melhod. the aheeta of 

anoUier ei the edge^ and 
/ nailed to the laof-boardi, 
u shown In Fig. 1. Six 
or eight 1" nlre nails an 
allowed to ths oidlnaiy 
sheet. The seams are flattened with wooden mallets and 
suldered water-tight The souna coDstitute the weakest part 
or a fiat tin loof, and should therefore be made and soldered 
with great care. The tinner ebould not hurry the soldering, 
for time Is required to properly "sweat" the soldn IdId the 
seams. Resin Is the best Sux: chloride of zinc or other acids 
should not be used, Ijecause in a short Hmc they will corrode 
the tin so badly at the seams as to cause them It) leak. A 
better melhod or fastening (he sheets to Che roof is by means 
of tin cleats about li in. x * In. These are nailed to the 
roof, and locked over the upper edge of tike sheet, about 
15 In. apart. 

Standing-seam roofing is that In whicb the sloping seanu 
are composed of two upstands 1d- 
terloeked, and held In place by 
cleats. They are not soldered, but 
are simply locked together, as 

are first double-seamed and sol- 

dercd together into long stripe jr,g 2. 

that reach from eaves to tldge. 
One edge Is turned up about li in. and the other aboal H In. 
The cleats are placed about 1& or is in. apart. When the 
upslandsand rieats are locked together the standing seam 
is about 1 in. high. Only the best quality of tin shonld be 
used, and it should be palmed on the anderdde before It la 
laid. Waterproof roofing felt should be laid under the Hn. 
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HEATING A ND V ENTILATION. 

HEAT. 



IMRlUoni.— Sine ii commonly dsllDed u a fbnn of eaWBT 
due to a npld vlbraCory moUon of the moleonlee ot wbJcb 
Ihe heated mbstuice la composed, the higher the he&t tha 
greater helDg the rapidity of moleculu moTement. 

Bemitile lieai 1b that meaanrabla portion of the heat 
Imparted to a body that serves (o raise Its lemperotare, (h« 
latter t«nn bdiiff naed (o Indicate the iniensltf of heat or 

liutmmeDts that measare the Inlendty ot heat are called 
Ihenaomderi oi pvnnndeTi. The quantltr of heat developed 
by the combustion of fuel, or taken up or given otf by tba 
gues or vapors In passing hoiii the gaseons to the liquid Con- 
dition, is measured by Instruments called <:aIorimeleTB. 

The nnit quantity of beat la the quantity required to raise 
the temperature of 1 lb, o£ water from 62= to 63=; this unit U 
called the Bnll$h tbenata unit, abbreviated to B. T. U. 

Utist HiiL~-The heat expended In changing a bud; fhim 
the solid to tbe Hqnld state, or from the liquid to the gaseou* 
state, withont change of temperature, is called Its lalatt litaL 

The temperature at which a body changes fl'om a solid to 
a llqald state Is called its limperalare qf faiion; and Ihe 
tramberofB.T. U. required to elTect tb Is change in abndy 
neighing 1 lb. Is called Its lalait heat ofjatina. The temper- 
ature at which a body cbanges from a liquid stale to a vapor 
(gas) la called Its tanperaiutt qf vaporiiaHoit; and Ihe heat 
leqnlred to eObct this chaoge In 1 lb. ot the liquid is called 
Its bsleni lieai ofvajmriialion. 

When a vapor cbanges back (o a liquid, It la said to con- 
dentt: and when a liquid changes back to a solid, it is said 10 
fnae; In either case, an amount of beat, equal to' the latent 
beat of TBporiiatlon or of fusion, as the case may be, must be 
abstracted from (given up by) ibe body betore tbe chaug« 
eau be effected. 
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The followlDft table BhoiTB tbe lelent heat of IDdoQ end 

Tnpodzation tor l lb. of varloiu gnbsluDCes, tber having first 
been niBed to tbe Mmpecature at whicli tbe change lalui 
place, and tbe pressure belog one atmosphere, or 11.7 lb, 
per sq. In.: 

TEMPERATURES AND LATENT HEATS OP FUSION 





t 


% 1 


1 


y 


Btibetance. 


n 


h\ 


l°fe 




1 


H 5 


5 


i i 




82° 


212° 


142 66 


m* 




























































































a^a:v=:::; 


a:3^ 











































The temperature of vaporization In the above table la lbs 
boiling point of tbe ll<]uii3 under the ordinary atmospherig 
pressure of U.T lb. per sq. in. 

SpKills Halt— The tpfdfie heal of a bod; It the ratio 
between tbe quantitr of beat required to warm that body 
P and the quanllty o( heat required to warm an equ^ 
weight of waieri°. 

Rail.— 16 find tht numher of B. T. V. ngaired to ratie the 
lenpertxttiTe <if a body a giiea number iif dtgrea, mufilplv M« 
»piciflc heal rj the body by ill iMtghl, in poutwtt, and bf 
Vu number of dtgrcai. 
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Denote the DDmberof B.T. U. required br V; (heBpeolBe 
beet br c 1 the weight bjr W; ■nd lei ( and (, be the temper- 
atures before and after the best is applied, reapectlcelf. 

Then, V~cW{li-iy 

The ipecifle beat of various nibslancei !■ Bbown b^ the 
foltniTlng laUe: 



a&i™:=;;:S- 


S,"°" :;; S 


iSlia,- IIS 


Bllver .0370 















Water 




Uad (melted) 

Sulphur (melted) ... 

s,as« 

Oilof lurpeiitliie.... 


0402 


^^^ 




;=s 


gST::::::::::: 


-S 







.. .2»TM _.., _ 

... .ai751 Carbonic oxIdelCO) :m-.v 

.. .aiAHO I Carbonic acld(fw,) . .2170 

... 3.40^0 I Oltfleiilgas .4010 



The table shows that the amount of heat that would be 
required U> raise the temperature or 1 lb. of water would be 
snffieient lo heat, lo an eigual degree, about S lb. of cast Iron, 
or X lb. of mercur)', or 4 lb. of air. which Is about 54 cu. ft. 

The specific beats lor gases given In the above table are 
true only when the pressure remains constant 
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Tli(iniomittr>.— There ai;e two fixed pointBon all tbennom- 
elera, \iz., the freezing and the boiling. On tha Falavnlaat 
thenaomder, tbe dlstanea between tb« two Sied polnta !■ 
divided into ISO equal parts, or degrees. The freezing point 
ia m&tlied S2° and the boiling point £129; S2 parts are marked 
off trma the freezii^ point dowDvarda. and the lost one u 
marked V, or Eero. The graduations aie carried above the 
boiling point and below tbe zero point as far as desired. 

Id graduating a centigrade themameter, the freezing point 
Is marked 0°. and tbe boiling point 1D0°: tbe distance between 
tbe freezing and bailing points is divided Into 100 equal 
patis; these equal divlslona are carried as far below the 
freezing point and above the boiling point as desired. 

In Russia and a few other countries anotlier thermometer 
is used, called tbe Biaamur; the K'eezlag point Is marked o", 
or zero, and the boiling point £0°, the space between these 
two points being divided liit« SO equal parte. 

Tbe abbrevtallons for these scales are: Fahrenheit, P.; 
centigrade, C; and B^umur, Et. Tbe reading on one scale 
may be converted into a correapondlng reading on either of 
the other scales by the following formula: 

Fahrenbell -|c + 32 -|r + S2 
Centigrade - | (F — S2) - j B 



It Is inferred, therefore, (hat tbe 
ultlniBte limit of contraction will be found at 4W^ below zero 
on the Fahrenheit scale, end that at this point all motion at 
the molecule Feanes. This point is called the obaoluf; irro, 
and tcmpcramrce measured tbererrom are called ohtaiule 
temperatures. 

The temperature that Is Indicated by the thermometer 
may be converted inlu absolute lemperature by adding It 
to 460". Thus, a temperature of SSfl by the thermometer 
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correspondg to the absoluM tcmperaluie of Ki + 460 — MC. 
On the centigrade »calB the »bsolule lero J a 2731° below the 
zera point. On the ilteumur Bcsle it la 213° below zero. When 
the thennometerlndicatea temperatures below the zero point 
of Its graduation, the Indicated lemperaliire miiht be sub- 
tracted from **0, MSt, or il9, tespeettvely, to tlnd the abso- 
lute (emperatnre. 

TNANSMI3SION or HtAT. 

Beat is transmitted by radlalloti. by conduclloti, and by 
convection. 

The term radialion Is commonly used to signify the trans- 
mission of heat tbroujib space unoccupiod by lutiijlble forms 
of mailer, or ihrough mailer unaffected by such iraiisiuimion 
of heal. For example, heat may be transmitted, by radia- 
tion, through ice without causing it to melt, none of the heal 
being absorbed until it reaches some beat-absorbing surfiice, 

when the transmission of heal through any aiibstance 
takes place without causitifi appreclnhle mnllon: 1. c, circu- 
. latlon of the alTected particles of the heated body, the man- 
net of transmission is called fondur-f/™, which term, as anile, 
is applied to the transmission of heat through willds. 

The diffusion of heat through a ItqMld orira- by motion, or 
circulation, of Its consilluent partlclea is termed nrnrrrtioK. 
convection currents caused by the application of heat al the 
bottom o( a vessel containing a llcjuld, such as water, are due 
to the eipaiKlon and cont<ci|iient decrease 111 densiiy of the 
lower paitlclea which become lighter when healed and 
ascend because of their buoyancy, the rising particles being 
replaced by descending currents of colder particles. If the 
heat ia applied to the surface of the liquid, liltle convec- 
tion will occur: beii^ conllned to the upper portion of the 
liquid, the heal will be conducted downwards through 
the liquid, without motion, In the same manner as though 
the liquid were a solid substance. The dlffiialon of heat 
throaghout a liquid may be greatly facilltal«d by convection 
if the beat is applied to the lower part of the mass. When in 
motion each healed panicle comes into succc^ive conts' 
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Titb a grcftt Dumber of colder larticlfs. to which its heal 
is conducted by aclual conlacl. Ail and other KSfcs must 
be heated mainly by conveciion. 

Tbe Dansmiseion of beat ibroUBh ■ body may be divided 
into tliree phases (1) the abeorpliau of the heat at tbe 
receiving surface: {2) the conduction Uirough Ihe substance 
ofthebody; (3) the emissioa from tbe ladialing mufkce. 

All metals conduct beat mucb faster than they can eilber 
absorbllat-oremltitfroin. ibeir enrfacee. and benci' a knowl- 
edge of their actual conducting power is not so raiiuble or 
essential In the arts of heating and veatllaclon as a knowl- 



If a body absorbs beat. Its volume will be changed corre- 
spondingly. Nearly all bodies eipand when heated^ a [ew 
substances, however, coiiIrHOI, but these exceptions are of no 
practical Importance. 

Air and all other gases espand uniformly for each degree 
of rise in temperature above zero. Air, at zero P., will expand 
lit of Us volurne for each degree or rise in temperature. 
Thus, air at 70° will have a volume equal to 1 + .'A, or |U of 
Us volume at zero, if its tension remains unchanged. By ten- 
sion is meant the pressure that a gas exerts on the vessel that 
confines it. 

If melalllc bodies are bested above a certain temperature, 
varying for different metals, and the heat Is continued for 
any considerable length of time, the metal will become per- 
manently elongated, and upon cooling will not contract to 

Thus, Brate bars in a furnace, or pipes which are exposed to 
immense heat, will Increase coudderalily In length during long 

time. Thus, plates or other parts of furnaces which are 
unduly heated will swell permanently, and bulge or crack 
the adjoining parts. 

The linear expansion, or extension, of metals for 1° rise of 
temperature is given In the fallowing table: 
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Example.— A wrougtit-lron bar 22 Ft, long In hcateil frora 
KftoStXf. How much will it lengthen? 

SoLUnoM.— 22 X (300 - 70) X .OOOOiifiw; = .OM7118 ft, -= 
Ali-'ii in. 



If a current of hot atr, of a given voliiine of How per 
minute, iB cooled, the quanlit; of heat giveti oil' in the 
process may be computed by (he following rule: 

Kt\*.—Mallipl9 together the 0vea rohaae of ihe air, the num- 
ber of degrees Ihroagh viliieh it ii cootoi, and the amtninl ul heal 
'■/mlained (n I f w. fl, n/ air at Ihe oi-igincU UtntKrature, at sAotm 
in the aeeom^nying tahte. IS this product be dUided by the 
•irigirml lemptralure, Ihe iptolimt ui'H be the amuuni nj heat 
giiien off. £» heat untti. 

EZAHPLE.^A current of hot air having a tempenCure o( 
150° and avolnmenf 400 cu. (1. per mln. is cooled, in paesiDg 
through aroom, to 65°; whm amount of heat ie given off pet 



102 HEATTSa AND VESTILATIO!f. 

Solution.— From the tuble, the heat lontaSneiJ Inlcu. ft. 
It 150° ie 2,319S B. T. U. Applying the rule Juat given, 
400 X (150 - ffil X 2.3196 ,„ ^„ ■„ „ ^ „ ,„, 
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ftom 10° to 150° la 
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The volume of air uid 1M weight per cubic ftxil change 
with the temperature. The final volume may be computed 
by the CoJ lowing: 

Hull.— HfduM bolh the original and ftaat lemperaiuru to 
abaolnte temperaiura. Muitipiy the original volume by t/ujtnal 
aluolaU temperal-art and liitidf bv tlif original (Oaolale tanprro' 
tare. The qaottenl aitt bt l/iejtnal tolunif. 
Or. let r=origlnal volume; 
K] = final volume; 
T — original absolute temperature. 
Ti — final absolute temperature; 

H y . 

El AMPLE.— What will be the volume of 400 cu. ft. of air, 
having a temperature of LJO", when it is cooled to 10=7 
Solution.— Applying the above rule. 
,. 40014. 



^^-- = 308.19cu.ft. Ans. 
The Qnal weight of a given volume of air may be com* 
puted from the following: 

Rult.— MuUfpIy the original might by the original abmtale 
lemperalare, and divide the pmliirt hu the final abfolute triupfT' 
alure. The qaofifat n-tlt be thfjiiial tifight. 
Or, letting W -^ oriKiiinl ivciKht; 

ir, = lliial weiKbi; 

ElAMPLE.— A chimney of 1 sij. (1, nmi and J20 ft. high Is 
filled with hot air at a temiwrnlurcof 4:«°i the temporal u re 
of Che atmosphere is 60°: what ia the difference in the weight 
of the air before and afler it is heated? 

Solution.— The volume of the air Is 120 cu. ft. The orig- 
inal weight Is |«ce preceding table) 120 x .o;C3s.^9,lu.-,«lb., 
and the absolute temperature is fiO + 4fi0 — SW. Then, apply- 
ing the last rule, 

ir, _ -]^_,-^^^ = 5 .SI'S Ih. 

The change in weight — 9.1656 - &.23;5 = 3.9281 lb. Ana. 
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The process ofchmigliig water lor other Ifqulda} Into vapor 
by iDean»i of heat is called evaporation or raponzo/zon, 

Wben BKam ia In conUet with (he water flvm which It Is 
generated it U called taturattd tieam. 

Steam, ir not In contact wllh water, may b« heated like air 
or any other gas until lis temperature ia higher than the lioil- 
Ing i-nint. Slcam In this condition Is said to be inperhealfil. 
Thc^perlilf healof superheated steam 18.4805, or, say. ,48 for 
ordinary purposes. 
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Wlienerer the prenuTe of Mtunled n«sm la changed. 
there sie other properties that chance with ii. Theoe prop 
ertiea are the following: 

1. The temperature of the steam, or, what is the Miae 
thing, the boiling polpt. 

2. The number of B. T. II. required to raise a pound of 
water ftom 32° Ifreedng) to the boiling point roneipnndlog 
to the given preasnre. This is called the hiai nj iht liquid, 

i. The number of B. T. ^. required It) ehuiiui^ llii- Hsier 
at the boiling temperature Into «tcam at the nime tempi m- 
tuie. This la colled the latent heat of vaportmli'm, or. i>lmp1;', 
the taient heat. 

4. The number of beat unlta required to ihaugc a |>ounil 
Of water at 32° to Bteam of (he required lem]H'raiure and 
pressure. This Is called the total heat of raiwritaiian, or, 
■Imply, the latal heal. 

It is plain that (he total hcnl ia (he sum of (he hml iff the 
liquid and the laiml heal. That Is, total heut " liiut of 
liquid + latent heat. 

5. The tpecific volame of the eteam at the given prt'v<ur«: 
that Is, the number of cubit: feet occupied by a pounii of 

e. The dnuify of the steam; that Is, the weightt>f l eiiblc 
foot of the steam at the given pressure. 

All the above properties are din'erenl ibr difTcrtnt pres- 
■ures. For example, If steam boils under atmosplieric pre;- 
■ure, the temperature is 'IVJ?; the heat of the liquid is IKI/^U 
B. T. U.; (he latent heat, 9ee..0m B. T. U.i the t«lal heal. 
1,1«.6 B. T. U. A pound of steam at this pressure oceiiples 
S6.I; cu. ft., and a cubic foot of Ibo sleiim weiglis about 
.037928 Ih. When the pressure is 70 lli. jior sq. in, above 
vacuum, the temperature is 3tr;.774''; Iho heat of the liquid ia 
272.657 B, T. U.; the latent heal Is 901.629 B. T. U.; Ihr Kilal 
heat is 1,174.296 B. T. V. A pi.uud of the slcam occupies 6.078 
cu. ft,, and a cubic foot of the sicnm weighs .tC45M lb. 

These properties have been determined by direct eiperi- 
ment for all ordinary steam preaaurea. They are given iu 
the table of the properties of saturated steam. 
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Column 1 giiea the preeaures tiom 1 to 3110 lb. Theae pre» 
suresareubove vacuum. The steam gaug«a fitted on ateam 
bailees tejtiater tbe pressure above the atniospbcre. That la, 
irtheeleumisataUuospberic pressure. I4.T lb. persq. In., the 
gauge regisicra 0. Consequently, the atmospheric pressure 
must be Bdded (o the reading of the gauge to obtain the pres- 
mire above vacuum. In using the table, care murt be taken 
not to use the gauge pressures without Hrst adding 14.7 tb. 

Pressures registered above racuum are called abtoluM 
prssftirei. The presaurcA given In column ] are tjbsolvJe^ 
Abaolutc pressure per square Inch ^ gauge pressure pec 

Column 2 gives the lempcniture or the steam when at tha 
pressure shown in column 1. 

Column 3 gives the beat of the liquid. It vrill he noticed 
that the values in colunm 3 may be obtained approximately 
by subtracting 32" from the leroperature in column 3. If the 
specific heat of iiatei were exactly 1,00, it would, of course, 
takeciaclli'212 — 3a = IBOB. T. U. to raise a pound of water 
from 32° to 212". But experiment shows that (he speciflo 
hcut of ivatcr is slightly greater than 1.D0 when the temper- 
ature of the water Is uhave k:°, and It therefore takes ISO.531 
B. T. U. to raise a pound of water from 31" to 212°. 



Column G gives the lotcd heat n/ tvporizalion. The value* 
In column 5 may bo obtained hy adding together the eorre- 
spotiding values in columns 3 and 4. 

Column 6 gives the weight of a cubic foot of steam in 
pounds. As would be expected, the steam becomes denser 
as the prcFsure rises, and weighs more per cubic foot. 

Column 7 gives the number of cubic feet occupied by 1 
pound of steam at the given pressure. It will be noticed that 
the eorrcapondlng values of columns 6 and 7 muUlplled 
together always produce 1. Thus, Ibr 81,3 pounds pressure, 

Column S gives the ratio of the volume of a pound of 
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■team at the giren prenure, and ihe volume of a pound of 
water at 39^. The values In eoluran « may be obtained by 
dividing 6Z.42S, the weight of a cubic font of waler at 39.2°, 
by tha aumbers la column 6. 



KZUIFLE 1.— Calculate the heat required to change 51b. 
of water at 320 Into steam at W lb. pressure above vacuum. 

SoLimoN.— From column 5, the total heat of 1 lb. at 92 lb. 
pressure is l.lSO.iMa B. T. U. 

l,lt».W5X5 - 5,900.:a^ B. T. U. 

Example Z.— How many heat units are required to raise 
81 lb. of water from S>? to ffiO° F.? 

Solution.— Looking: in column 3, the heat of (he liquid 
of 1 lb. at ascaas" is 219.281 b. t. v. 219.2*11 — .■.■ra = 218.908 

B. T. U. = heat of liquid for 250°. Theu, for 8i lb. it is 
218.968 X 8t = 1,861.228 B. T. U. 

EIAUPLE 3.— Qow many foot-pouDds of worlc will It 
require t* change BO lb. of boiling water at «0 lb. pressure, 
ahaolule, into steam of the Fame pressure? 

Solution.— I^ooking under column 4, the latent Htat of 
vaporization is eS&.liX; that is, it Ukes SUii.lm B, T. U. to 
change 1 lb. of water at 80 lb. pressure Into steam of the same 
pressure. Therefore, It takes HK.IDK x SO — fd.TOG.JS B. T. (J. 
to perfbrm the same operation on Ot> lb. of w.iler. 
53,700.48 X "8 = «,7S.l.W1.44a-lb. 

Example 4.— Find the volume occupied by 14 lb. of steam 
St 30 lb,, gauge pressure. 

Solution.— au lb., gauge pressure = 30 + U.T = 41.7, abso- 
lute pressure. The nearest pressure In the table is 44 lb., and 
(be Tolume of a poundof sleamat (hat presEurolsD.4a8cu.it. 
The volume of a pound at 46 lb. pros-surc is 9,018 cu. ft. 
a.403 — 9.018 ^ ,385 cu. ft., the din^renee In volume Ibr a 
difference in pressure of 2 lb. - - = .1025 cu. ft,, (he diSfer- 
ence in volume for a diiferCQCa In pressure of 1 lb. .1025 X ,7 
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is gubcrocted trom 8.403 cu. ft., since the Tolume is lev for 
a preaaure of 44.7 lb, than for a preEsure of 44 lb. 
9.268 X 14 = 129.7W cu. ft. 

Example 5,— Find the weight of 40 cu. ft. of Weain at a 
temperature of 2M° F. 

BoLUTCON,— The weight of 1 cu. ft. of steam bC 254.002°. 
from the table. Is .OTSSSO lb. Neglecting the .002°, the weight 
of 40 cu. ft. is, tberefbre. 

.078839X40 ^ S.lS3561b. 

El AUFLE 6.— How many pounds of sleaca at M lb. pressure, 
absolate, are required to lalsethe t«iQperature of 300 lb. of 
water from 40° (o 130" F., thewater and Eteam being miied? 

Solution.— The Dumber of heat units required Ui raise 
lib. from 40° lo 130° is 130 — 40 - 90 B. T. U. (Actually a 
little more than SO would he required, but the above is near 
enough for all practical purposes.) Then, to raise 300 lb. 
ftom 40" to 130° requires 90X300 = 27,000 B. T. U. Thla 
quantity of heat must necessarily come from the Bteam. 
Now, 1 lb. of steam at 61 lb. pressure gives up, in condensing, 
Ilslatent heat of vaporization, or 905.9 B.T.U. But, In addi- 
tion to its latent heat, each pound of steam on condenidng 
inostglve up an additional amount of beat in falling to 130°. 
Since the original temperature of the steam was 296.805° F. 
(see table), each pound gives up by Its fall of temperature 
296.905 — 130 = 166.305 B.T.U, Therefore, each pound of the 
steam givesup a total of 

905.9 + 166.80* = 1,072.705 B. T. U. 

It will, therefore, take Tvj-'i-if = ^^^ ^^- "^ steam to 
Bcoomphsh the desired result. 

With the steam tablcsarellablo thermometer may be usE^ 
fOr ascertaining the pressure of saturated steam or for testing 
theaccuracyofasleamgauge. The temperature of the steam 
being measured by the thermometer, the corresponding abso. 
lule pKsBUre is found Troia [he steam tables; the gauge pr«£- 
Eure 1b (hen found by subtracting 14.7 from the absolute 
pressure. ThuM, the temperature of the steam In a condenser 
being 142°, we find from the sieam tables that (he correspond- 
ing al>solute pressui« IB 3 lb. pel sq, in., nearly. 
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VENTILATION. 

CENEHAk INFOHMATION. 

II is a procesB at moTtng foul sir rrom ».ay apace 
aod replacing It wUh fresh all. A poaitiTt displacement, 
however, does not take place; the incoming Iteflb air 
cblefly dilutes the foul all to a point suitable for health- 
ful respiration. 

Pure air, such as eiista in the open country, contains 
about 4 parts of carbon dioxide. CQi, per lO.ODD parts of air, 
while badly ventilated rooms often contain as much as so 
pacts of CO, per 10,000 of air. Uygleniste, after careful study, 
have decided that an increase of 2 parts of C% per 10,000 of 
air should lie accepted as the standard of resplrable purity, 
and auy escess of COj above this may be considered aa 
vitiation. 

r CO, PER HOUR. 



Taking the figures above given — i parts of CO, per 10,000 
parts of fresh air, and 6 parts (—4 + 2) per J0,000 of vitiated 
air — as the standard for proper health conditions. It it found 
that 3,D0O cu. ft. of ttcsh air per hour Is necessary for each 
adult person. If a different standard than 8 la used, the 
number of eubic feet per penion will be found by dividing 
0,000 by the difference between this standard and 4. 

If any lights deliver their products of combustion Into the 
room, the amount of CO, given off by them should be con- 
verted Into its equivalent In men, thus: One ordinary gai 
light equals, in vitiating effect, about 51 men, an ordinary 
lampl) men, and an ordinary candle about 1 man. 

It Is contideced good practice to allow 2,000 cu. ft. of 
fresh air per hour for each inmate of a room or audltortum. 
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HoipltalB and such places, nbere (be TlUalloa li 
eihalatiDns ttnta diseued or eicli people, should 
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Floor Space must be coasldered as much u caUo sp&ce. 
i'haB,lDaechoolri>om.tbereinUBCbeatleaMiasq, It of floor 
jnrfaoe tat each pupil; and In hoapllala each bed abould 
bave 100 Bq. n. of floor spftce. In Hables. each hone i/t 
cow should have lUOsq. ft. of Boor space. A horHC should 
haie 1,600 cu. ft. of air epace, and a cow not lees tbau 1,200. 
As cowa ara usually kept to (urcish milk for fbod, it ia Impor- 
tant that they should be kept In a healthy conditioa, aad 
that the ali around them should be clean. 

In quantity, the toxic, or polBonous, organic ImpuritlM 
eihttled fiom the lungs and surface of the body bear a dafl- 
nite proportion to the amount of cartxru dioxide produced 
by respiration in the same time. The ratio Is found lo be n 
nearly constant that, In leEtlne air to determine lis fltness for 
breathing, the percental of carbon dioxide is taken as an 
index of Che quantity of organic Impurities !□ the air. 

Apparatus for testing air, called Dtrbonomtttrs, cau bo . 
purchased from dealers in chemical supplies 
Instroctlons being furnlahed with the instrumeols. 



In natural -yen til atlon eyslema, the drafts in the Bugs or 
ducts are caused by the difference in density betneen the tix 
In the ducts and the outet atmosphere. Tbe higher the tem- 
perature in the ducts, the more rapid will tbe draft become. 

Id tbe following table, SO per cent, (a faii averaee In good 
work) has been deducted from the theotcllcal flow to oflfeel 
all ordinary reslstenccs In the flues, such as friction, change 
In direction, etc. The dlS'eretice in temperature given la 
the table la that existing between the outer atmosphere and 
the average of the air in the flue- Knowing the velocity per 
minute, and the cubic feet of air per minute to be removed, 
the area of the flue in square feet Is found by dividing the 
volume by the velocity. 

Wind pressure also affects natural ventilation. ThemoTe> 
menl of air through a building may be accelerated or retarded 
by the wind, according to tbe location of the outleU and Uie 
Mnd of cowls used. 
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PLOW or AIH IN PLUK3 PER SOUAPC POOT OPSIO- 
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LOSS OF HEAT FROM BUILDINGS. 



Heat escapes from buildings In two ways: first, by con- 
dnctioii through the windows, wallE, floar, and roof; and 
«ecoDd, by ventilation or leakage of warm air. The loss ttota 
the latler cause will depend on ihe tightness of the windows 
■Dd doors and on the Choroujibne^sof the construiMionof the 
walla, especially In wooden buildings. If the outer walls are 
exposed to the wind, the loss of heat by conduction will be 
increased from 10 to 30 per cent., while, if they ate not wind- 
tight, the loss by escape of ale will be Increased to an 
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proporUons] to the difference In temperature betweea the 
Insde and OQldde air. The raie of Iobe under onMnwr con- 
ditions. In B. T. v., and in rooms that have only ■ moderate 
exposure to wind, Is ehown In a dUgTsm, Fl(r. 1. by Alfred R. 
Wolff, M. E. The heat lOBses under various coodltlons 
may be read directly from the diagram, the line a Ehowlng 
loss through Taull light: A, single window: r, single Bky- 
light: d, Wo. brick wall; e. double window; /, double 
skylight: g, g-in, brick wall; A, 1-ln. pine board door; i. 
12-ln. brtclc wall: j, concrete floor on earlh; i. areproof 
partition; 2, 2-in. pine board, heavy door: ">. 16-ln. brick 
wall; n, 20-ln. brick wall; o. concrete floor on brick arch: 
p. M-ln. brick wall; g. 28-tn. brick wall: r, g2-ln. brick 
wall: I. wood floor on brick arch: '. %-iu. brick wall; 
u, 4l>-in. brick wall; r, double wood floor. 

The requisite allowance for dtffcrent eiposures is Indi- 
cated by the Ogiires on Ibe diagram given In Fig. 2, which 



BbowB that fa 






eipoBoree 25 per cent, should 
normally be added to the cal- 
culated heat Ioeb through wallB, 
while for eiut and south ei- 
pOBures an allowance of 15 and 
5 per cent., respcctlvelv, should 
be made. A further allow. [„ 
ance of 10 per cent, is made for 
heating the air that coiihiumly 
leaks in through cracks and 
crevices, and a similar alli>iv- 
ance Is advls«d for the loss of heat through floors 
IngB. When the rooms are compnralively small, thflresulls 
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percentage indicated by the figures 
on the diagrara in Fig. 2, 

If bricli walls are made double, with an intervening at 
space, thelOBSOf heat Is less than that of a solid wall havini 
an equal thicknes.s of brick. The sating will be about .07 o 
,08 B. T. U. persq, ft. 
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The losseE showD io the diagram will be Increased by cir- 
cumstances HpproximBlel}' as lollows: 

Where the exposure ie nnrtherlr, and the wlndg are 

When t 
allowed to 

Same, northerly eipoEure with high winds. 40 per cent. 

When the building ts heated occasioiiall]', far a day only, 
and is allowed lofteeiefor Intervals of several days, such as 
churchesand audience rooms. 50 per cent. 

The temperature of cellars that are not warmed may be 
as!!iimed for purposes of calculation to be 32°. Vestibules 
and corridors, frequently opened id the outer air and not 
heated, may be aseunied to have a temperature of 20=. 



In many Instances the loss of heal fp 




he room will be 








lights, electric lamps, etc.. and by the 
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2,000 


Electric incandescent lamn. 16 c. i 




220 



In lecture halls and large audience rooms, (he amount 
Of heat mveTi off by the audience and the lights may 
equal or exceed that which is lost through the walls and 
windows. Wheu this occurs. It becomes necessary to lower 
the temperature of the fresh air supply below the desired 
temperature of the room during the presence of the 
audience. Thus, the actual amount of heat required may 
vary from hour to hour, altbougb the atmospheric tempera. 
ture is stationary. 



HBATINO AND VENTILATION. 119 



unz ow MOT-*iB aumr. 

The loss of bcKt per bour by conducllon Uirongh win- 
dowB, walla, etc. being given, aud also the temperature of 
the bot-nir Bupply and the desired temperature of the room. 
the required volume per hour ma; be computed bj tbe 
folio wing; 

Rule. — J(uHfp<v bvBS ffteamouni iif lifnIKMper Aour by eon 
duditm and divide the prodnrt by tlie diffirmn bdarni Vitttm- 
prratvrei of the room and qf Ihe hot-air cuFrenl. Tin quotienl 
win be ilie volamt of hot air, in cubic feel, required pir hour. 

The desired volume of the ttenh-air supply, in cubic feet 
per hour, (he amouot of heat lost by conduction per hour, 
and Ihe desired temperature of tbe moms beiHK given, tbe 
required temperature of the hot air entering the rooms may 
be computed by the following rule: 

fliih.—lfuHiply bt K Ihe amoiiiU (if heal loal per honr by con- 
duction <md dividt the prodact by tfie v^ame tif Ihe air cuitehI. 
Add Ihe quotient lothe Uetired temperature 0} the room ; the turn 
tullt be the required temperature of llie liol-air tnpply. 

FUELS. 



Coal IB divided Into four classes, nhichare: 

1. Antbracite, which contains from 92.31 to lOO per ceiil. 
of filed carbon and from 10 7.69 per cent, of volatile hydro- 
carbons. 

2. Semtanthraclle, whith contains from S7,5 to OT.Sl per 
cent, affixed carbon and from T.e9 lo 12.5 pei cent, of volatile 
hydrocarbons. 

3. SemibitaminQus eofil. ^vhlcb contains from ~5 to S7-^ per 
cent, of fixed carbon and from 12.5 to 25 per cent, of volatile 
hydrocarbons. 

4. BHuminotii eoal, which contains from to 75 per cent, 
of fixed carbon and from 25 lo 100 per cent, of volatile bydio- 
csrbona. 

ADtbracile Is known to the tra<!tc by dliferent names, 
according lo the size Into ivhich the lumps are broken. 
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These names, sud tbe generally accepted dlmenidoaB of the 
Bcreeae over and tbrougb wbkb tbe lumpa of coal will pass, 
are aa Ibllowe ; 

Ctdm poBsea tbtough ifia. round mesb. 

Eiee passes over fr^a. mesh and Ibrougb t-ln- square 

BadcalKat passes over |-ln. mesb and tbroughl-iD. nineie 

Pea passes over t-ln. mesh and through I-1d. square mesb. 
CA^tnul passes over ]'in mesh and through I|-iD. square 

Stove passes over l|-in. mesh and through 2-ln. equara 

J'^ passes over 2-iii. mesh andthroughSi-in. square mesb. 
Broken passeaover 2j-tn. mesh and through st-<n. square 

Steambcal passes over 3Hi>. mesh and out of screen. 

Ztimp passes over bars set ftom 3) to 5 in, apart. 

Semiauthracite roal 1» broken into the same sizes as 
anthracite, the sizes having the same name. 

Bituminous coal may be broadly divided into three gen- 
eral classes: 

1. Caking Oial.— This name is given to coals that, when 
burned In tbe furmice. swell and ftise together, forming a 
spongy mass that may cover the whole surfece of the grale. 
These coals arc diiflcult to bum. since the fusing prevents 
the air passing freely through the bed of burning fuel; when 
caking coals are burned, the spongy mass must be lYer[Uently 
broken up with the slice bar. In order to admit the air needed 

2. Fiee-Barnhff CVwf.-This is often called non-caking 
coal from the fact that it has no teudency lo fuse together 
u'hen burned in a furnace. 

S. Caiind Coal.— This is a grade of bKuminniis coal that 
Is very ricb in hydrocarbons. The large percentage of 
volatile matter makes It valuable for gas making, but It is 
little used for the generation of steam, except near the places 
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Bituminous and ■emlbltuminoua coals ait kooirn lo tbe 
trade by tbe followlni names: 

Lump coal, which lacludes all coa! pauing over acreen 
bars 1| in. apart. 

JVul coal, which pa»ea over bars ) In, apart and tbmugb 
baiB 1| in. apart 

Fea coal, which passes over bara | In. apart and through 
bars I ia, apart. 

Siack, which iucludes all coal paaslnB through bars | In. 

Lifinitt. according ix> the class) n cation, comeh under the 
general head of blliimlnoui coal. Proi«Tl>- ntn'aklnK. It 
occupies a position between peat and biliimiiuHiB coal, beinit 
probably of a later origin than the latter. RxiMisiire to the 
weather causes It to absorb moi^^iure rapidly; it nlll then 
cmmble qnlte readily. It is nuiiH-aliliii; and yields lull a 
moderale heat, and Is, In this respect, Inferior to even the 
poorer grades ot bituminous coal. 

Pdroleam is oerasionally used as a fuel. and. as such, 
potsessea some advaiilHKCM. aninng niiii'h are the ease of 
lighting and eontrollliin (lie tn: llic iinlfurmliv of wm- 
bustion. and (he econniiiy in lalnir. Its ili-jidv milages are: 
Danger of explosion, lom of fuel liy evaimralion. and hiib 
price in comparison with eoal. The stnndanl im company 
estimates that 173 gal. of petroleum is eqnnl t« 1 long ton 
(a,Ziaib.)orcoal, allowing forallsavinusincidental lolls use. 

Hai'tTat sat Is abundant in iiorls of Ohio and Pennsyl- 
vania, and Is there often used as a fuel for steam hnlleis, hol- 
ts the equivalent of l Ion of eoal. 

Watlt gaift from the furnaces of rolling; mills and from 
blast l^lrnaces are ellensively used. Naturally, (heir use Is 
llmtled to the places where ihey are produced. 

The Babcoek & Wilcox Co. states thai on the averege 1 lb. 
of good bituminous coal may be considered as the equivalent 
of21b. of dry peal, 21 lb. of dry wood. 2i lo » lb. of dry Ian 
bark or sun-dried bsEH!<se. » lb. of cotton Btalks, 3) lb, of 
straw. 61b. of wet bagasse, and from 6 to 81b. of wet tan bark. 



HEATING AND VESTILATl 



The healing value of a fuel la usually n 
imber of B. T. V. given out bj the complete ci 
b. of tbe ftiel. Tbe average heating valuee, per pound of 
mmODlf used [ueli, ace; 











Wood 


7.409 



The full beating value of a given 
praclipe. For house-beatlog work, li 
B. T. U. per lb. of coal will be absorbea by tne water at me 
ordinary combuetion rale of ^m 4 to S lb. of coal per sq. ft. 
of grate surface per br. 

In power boilers, an average of 11.000 B. T. C. per lb. of 
coal is absorbed by the water. The reason for this difference 
In heat absorption Is found in the different condiilons of 
Bervlce. Heating boilers are operated under a dampened 
flee, in conseqaence of which there is an incomplete com- 
bustion of tbe coal during a large pan of the time ; power 
bolleis. on the oUier hand, generate steam with a bright fire 

Assuming (hat in a healing boiler S.OOO heat uults per lb. 
of coal, as ordinarily burned, will be absorbed by the wal«r, 
and burning from 4 toe lb. of coal per sq, ft. of grate surface, 
from 32.000 to id.flOO B, T. V. per hr. will be absorbed per sq. 
ft. of grate surface. Since 1 sq. ft. of direct steam radiating 
surface requires about 300 B. T, U. pet hr.. 1 sq. ft. of grate 
is Butnctent t<i insure a supply of eleam for th>m 106 to 160 
■q. ft. of radiating surface. 

By increasing the combustion rate (herame heating boiler 
will supply sicum for an increased amount of radiation; but, 

heating surface, and thus forcing the beater beyond its 
Intended capacity, iatroduces a serious heat loss, due to the 
gases passing over the heating surfaces so faat that they 
give up only part of their available heat. 



BEATUrO AND VENTILATIOS. 123 

BOILERS. 

■OILER HKATINO SUKFACK. 

Tbe aGtUBl he&tlng surface of a Ix'ik'r iiicludea all paitg 
that bav« wal«r dd nne aide of the metal and gaseous prod- 
QctB of combuslloii having a higher tvmperaliire Ihan the 
water, on the other. Farts that are covered by Bleam 
inatead of water on oiie side haie llltJe value in iucreasiug 
the Bt«am-generatiug eapaeiiy of the bailer. 

Tbe portion of the beating surfai^ close to [he fire, under 
the direct influence of Ihe radiaiil beat, is much mure efttcl- 
ive in generating steam tban that portion railed the indirect 
healing lur/ace. which is heated only by contact with the hot 
gases. Tbe relatively great ainoiitit of indirect beating sur- 
face found In the majority of house-healing boilers is pro- 
vided to utilize as much of the available heat as pos^ble. 

It is customary for manufBi'mroTB to rate heating boilers 
on the bails that 1 eq. (I. of healing Biirfaec is apriroiimately 
equivalent to 10 sq. ft. of direct radialion, so that a holler 
having 200 sq. ft. of beating surface ivould be rated lo supjily 
2,000 sq. ft. of direct radialiim. 

The heating surface of retum-lubular boilers may be 
calculated quite closely by the fiJlIOH'ing: 

Rii\t.—MaUiply tV'o-IMrdi tf tlit cireamfireticc iff thfthea. in 
inchpi, by its i^ngth, in Incfiet: multiply the number qf liibfs by 
the Itnglli qf llie tabe, fn inelift, and bu ilt dreamfereife ; <u(d to 
the mm of theie prodtKit IKO-Ilitrde of the area, in rquare iochet, 
ilf the two tvbe slieeti : from thiiima mblrad IwUe lite area qf all 
Ihe tidxt and divide the tenain'lT by lU ; Ike qnolient refire- 
Knit Ihe rturaber qfigiiarefcel iff lifaling larf ace qf the boiler. 



In practice, the ratio between the beating surface and 
grate area varies with the type of boiler and the rate of com- 
bustion. The following are average values: 
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PRoroKTioNS or hiatins surmoi to oratk 



Type of Boiler. 


RbHo =. ???--'°^ Surftire 
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111 ordinary forms of house-beallng bollera, ftom l.goo lo 
2.4011 B. T. U. are absorbed per sq. ft. of besting surface 
per hr,, and since 1 sq. ft. of direct eieam radiating sur&ce 
requliea ttoxa ^oU to 330 B. T, U„ say an appToxlmate average 
of 300 B. T. U, pel br., it Is evident that I sq, ft. of boiler- 
heating surface wUl generate enough steam lo supply ftom 
6 to ]0 ft. of radiating siirbce. In other words, a vertical 
sectional boiler having ISO sq. ft. of heating surface will sup- 
ply eutticient steam for l,aM) to 1, 801) sq.ft. of direct radiation, 
iocluding all losses due Ui coudenaation In the transmission 
of llie tieam through tbe supply piping. 



d. and the rate of combustion, u'hicb varies from 3 to 
note lb. of toal persq. fl. of grate perhr. The required 
surface may be approiimately 6 
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cfiiatnedbj/inuUipiyinffthenamb^qfpQundM qfcoal burned, per 
tquanfoot iif graie per hovr. bn the nunter iif jiminitt ii/ vattr 
tvajxirated per pound dfami. 

In this rule no ■ceaunt bat been Uken of the dtfiference 
In the number of B. T. U. required (o evsporale water (roni 
dlfTeTent [eedwater tempemurea intu ■leam al different 
pressurea. The nile ia therefore only aprroilmalo, but rioae 
enouKh for practical work. The averatie evapiiraiion per 
pound of coel for dlfiterent types of bailers \a given In the 

AVBHAOC CVAPOnATION PCH POUNO OF GOAL. 
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mately, bydiridinglhelolat 
factor varying between liiu and KM), wiecMng a factor In 
Jicconlanoe wllh the charspier and probable managcnienl of 
the boiler. Ordinarily, heating boileia receive unskilful 
handling, a Dictoi of 100 most neatly meeting the require- 
menla, whereas with a akilled flreman In attendance a factor 
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of 160 may be lued with saUsTkclory leanltB. FM example, 

a beating boiler rsled lo supply 1,600 sq. It. of direct radi- 
ation, iQcltidiug ordinary losBea, itaould bave a grate area of 
^^ — It aq. It. if operated undei ordinary conditioae, or 
^ = 10 aq. ft. If the boiler U t» be caremUy handled. 



Strictly Bpeaklng, there Is no Euch thlog a» the horee- 
power of a boiler. The phrase was originally Intended to 
mean that a boiler having a certaiQ staled horeepowei 
would furoiah all the eleam that was required to develop 
that amount of power in a given engine. Tbia meant that 
If a certain boiler IXimlEhed steam for a 30-H. P. engine, it 
would be called a SO-H. P, boiler, and if tbe BBine boiler 
tUmlgbed ateam fbr a &0-H. P. engine, it would be called a 
50-U. P. bollei. It is tbercfore apparent tbat this raUng 
bad no particular significance. 

Boilers are often rated by their ability to evaporate water 
ftom and at a temperature of 212° Into dry eteam. si.Mb. per 
br. beingreckoned as 1 H.P. This method, however, Is merely 
an indirect way of arriving at the number of B. T. V. trans- 
milled through the boiler. Tbe rating of bollera by tbe 
number of B. T. U. actually transmitted per hour is one 
that permits of a direct comparison of the relative heating 
cajiacHleBof all kinds of steam and hot-naier boilers. 

In order to bave a definite standard of compari.'ion, the 
American Society of Mecbnnical Engineers has accepted (ha 
report of a committee reeommendlng that 33,330 B. T. U. per 
hr. irenBmitied from the fuel and absorbed by the water 
shall constitute 1 boiler U, P. The horsepower of a boiler 
thus expressed is the measure of its performance nnder cer- 
tain given conditions, and does not indicate its capabilities 
when employed under other conditions. For Instance, a 
boiler employed in heating water in an open gj'Btera, with 
a slow Bie, would develop a much smaller horsepower than 
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11 would if employed in inaklDg blgb-pre«aure M«am. with 
rorced blul sud inleaee fire. Tbe EUndanl boilsc bone- 
power may be determined by the following: 

Rule.— ShWhk* tht Umperaian Bj Oil fixdimtci. in dtgveti 
AiArenAaf. from Ute total heat oj } lb. oj Ueam abox* 3t° al llu 
preiturc 0} Oi£ octBO/ ei'aporoKffii. Adii it to thr remaimfcr 
and laiilliiAy t}^ ttaii bytheiiKigia ofaalrT rvaporalat pir hour 
into dry steam. J/ivide the product b/t SS.5M. 

Id ruling boilers according 10 Uielr healing surface, (he 
following fHclocB are commoiilr used: 



Type of Boiler. 


Retlo- 


Sq, Ft. 
Rat. 


Plain cylindrical 




6 


Return-tubular^ 


[» 


CBBt-iton Bectioiuil ...- 


i! 



No hard and fast rules can be employed fur determining 
the heating capaclly of boilers, or for ufOtrlauiJiig the sizes 
best adapted for different Jobs. The tollowing table ia 
deduced from practical tests and observotions by Professor 
Carpenter, of Cornell University, and is considered to be 
within the limits of safety. Two cases are taken: |Q) when 
the rate of coal consumption Is ill lb., and {h) when it is » lb, 
per eq. ft. of grate surface per hr. Itie latter Is preferable 
for hot-water heating. 

The usual dlmensionB of ordinary horizontal relum- 
tubular power boilers, which often are used for sleam-heac- 
iug purposes, arc given in the table headed "Specification! 
for Horizontal Tutnilar Boilers." 
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Gauge 
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Boilers used Tor healtug buildings of moderate size usuall; 
hiive what is termed a,jioTlnlileieU.ing;i.e,, tbey oremounled, 

to aeCDiiimodate any Increase of capacity of the boiler, miide 
by udding other aectioiia. when the demand for eteani 
becomes greater than the original size of the boiler may have 
been designed la supply. Vertical cast-iron boilers having 
slab ^cUons require no outer casing, although they are some- 
times eel in brioliworb: to prevent loss of heat, or to utilize 
the extreme outer surfaces of the sections as indirect heating 
surface. As a rule, hoivevcr. an external covering of some 
non-conducting covering, such as magnesia and asbestos, U 
used In place of a brickwork Betting, elTecUvely prevenllng 
serious loea of heat from (he exterior surfaces of the boiler. 

The setliiigofa60-tii., return-tubular boilerwlthahair-orch 
front, as designed by the Hartford Sleam Boiler InEpection 
and Insurance Company, Isshoitn in the accompanying Illus- 
tration. The foundation is heavy stonework lold to a deplh 
of 3 or 4 ft. below the surface. On top of this is laid the 
brickwork. The side and rear wallsaredouble, wltha Wn. 
air space bef.veen the inner and ouler parls. The inside 
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will !, next to the futtiBce, Is faced wllli flrebrlcl 

the bridge and »ll portfons In direct conlacl with 

The boiler 1§ mpported by cAAt-fron Iviipt t rl\ 

ihcll; these luge rest na Iran pities n placed on 
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the side Malls, The front lugs rest directly on the plat«s,but 
the back lugs rest on rollers o of l-in. round iron. The boiler 
is thus free to expaud and contra.cC The rear wall is 24 in. 
from (he rear head of the boiler, EO SB to allow tbe gases an 
opportunttr to enter the tubes; above the tubes, however, 
the wall b built in to meet the bead, and forms a roof for tbe 
chamber. The rear wall is provided with a door d for 
removal of tbe dirt and soot that collects back of Ihe bridge 
and to provide a means of InspeeUoa. 

Tbe grate g is placed 24 In, below the shell; this is a sufB- 
clentdistanceforanthracile.butforbituminouscoal it might 
better lie 30 to 36 In. The grate has a fall of Sin. itota ttoM 
to rear, which facilitates the admiBstonof air to the rear of 
the graie and maices it somewhat easier to clear the spaces 
between tbe grate bars from below. The back end of the 
boiler should he set about 1 In. lower then the front end; this 
insures a thorough drainlne of the boiler when the blow-off 
is open. 

The brickwork is closed Into contact with the shell at the 
level of the center of the upper row of tubes; this prevents 
the gases oomlnetn contact with the plates above the water- 
line. Some bollermaliers prefer to make a brickwork arch 
over the top of the boiler and to allow the gases Xo pass back 
to the tear through the flue thus formed. The practice i» 
risky, as It ma^ lead to the overheating of the upper plates. 
A safe rule is "Never expose to fire or gases of combustion 
any part of the shell not completely covered with water." 
This rule applies to the blow-off pipe BBwell; in order to pre- 
vent lis destruction by the gases of combustion and the 
heat, it should always be protected either by being covered 
with alarger pipe or by a cast-iron sleeve, or by being bricked 
in. The last method has the serious objection that it Inter- 
feres nlth the examination of the pipe, which may corrode 
badly, when bricked in, without it being discovered. 

The brickwork is strengthened by buckstaves b held 
together by tie-rods (. The buckstaves arc best made of 
wrougbt-iron channel or angle irons. It will be noticed that 
in the present case the Sue pipe p is rectangular, but the 



The ehimney Fortes the double purpose of creaKiig a draft 
HJid carrying away obnoxious ^ses. 

The draft pressures ordinarllj- produced by ohlmneyt vary 
lh)m to 2 In. of water. A waler-sauge pressure of 1 in. is 
equivalent to .03filT lb. per s^i- In. To suocessfullj' burn 
antliraclte. slaek, or eulm. a draft of U In. 1: necessary. 
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SaLLTioN.—I^oklnK under column 100 In "Height of 
Cliimiie;' Fijct," Ihe nearest liorsepower l9 6fi5, and the 
diameter corrcs]>onding is CO In., which should he the inter- 
nal diameter or (be cbiuiiicy. Ans. 

The Bne through which the gases iiasa from the farnace to 
the chimney ^oiild have an area equal to, or a little larger 
than, the area of the chimney. Abrupt turns In the flue and 
contractions in Its area should he BToided, as they greatly 
Increase the rcslfiiancc lo Ihe flow of the gases. 
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BEATING AND VENTILATION. 
HOT-AIR FURNACE HEATING. 



The metliod of wanning litiild lags by hot-air niinaCM may 
le briefly described as one in whicb air passed over heated 
urfocea withio a. furnace and warmed Iberehy iB distributed 



to the various rooms throughout the building by means of 
metal pipes or ducts, as indicated iu Uie accompanying illus- 
tration. Ordinarily, the only motive force producing the 
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) tbe difference In density, or weight, 
ated air and lliat of the outer atmoe- 
on being healed (he air expands and 
hler, being forced Hpwartls from the 
to be warmed by the pressure dtie to 
ie outer atmosphere. This method » 
»r™i of fumace heatinR. 
lining the force of gravity, a tan or 
the air over the fumace and IhroiiRh 
it tnown as llic /n»-/«r..a<Y tyti.m of 
Irenlalioii tyttcrn of Airnecc heating la 
mental alr-suppiy duct is arranged 
nd Ihe first Door of the duolling. to 
emely coid days, the supjily of air u> 
m nilhln the building, 
a common form of ivlitch Is shown in 
itiaily composed of a tiretH>s ii. com- 
Jr space r. Biirroniiiliiig them, an ash' 
reloplng the whole. The louer end 

rough which ftesh air enters Ihe air 
by nay of (he cold-air pit •;. The 
uctvia provided fbr shultin^'olF the 
leair Is heated by contact wjlli Ihe 
E[s that envelop the flrehc^i and eom- 
'air pipes i, it, etc. are allached to [he 
nvey heated air from Ihe air space to 
the rooms to be warmed, the air being discharged tlitoiigh 
floor registers i. i. or by wall registers ii. n. The chief <ibjcel 
to be considered in pmllng loRclhcr the parts that form the 
firelioK a, combustion chamber ft, and ash-pit r, is to make 
the joints permanently gas-tight, so ihnt the gases of combus- 
tion will not have access to the air space c through open JolnlB. 
The prodnctfi of combustion flow from b through the smoks 
pipe o to the chimney u, and escape to the atmosphere. 

Hot-air furnaces are usually supplied with a water pen, 
placed inside the jacket, (or moistening the heated air. 
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RWLES FOR PRO PORTION INd FURNACE t 



Rulii f«r Sritt Sarftog.— Tbere >re various empirical rules 
Id common use fot delerminlng [he amount of grate surJioe 
a rumace ahould bsve: some ol Ihe beal oaes are bere given, 

Rula l.—Dividt the namber of eabic fett repreeenling titelolal 
volume of air to be lieattd per Hoar by 100. The gaotiatt viill be 
tlie required grate iw/ace. in tquare iaehee. 

Rula 11.— TM mm of the glaaa lur/ace arid equivntent glmi 
tarface.in tqaare feet, equalt Unrequired grate sarface. in iquare 

Ma.in.~I>tvidf the number of B, T. U. required per Imar lo 
heat tltebaOding to 7<P during Ihe coldest weather b;/ J80 for far- 
nacei in ordinary daieUingi. or by ^0 if a fireman or janitor is 
conitantlp emptoyed tending Ihe farnoce. The qaolient it Ihe 

These empirical rules stiuu id give good results in all ordi- 
nary^size Aimaccs that bavc a siiflicient amount of beating 
surface properly arranged. In small fiiniaces, (he grate sur- 
face may be a little in eieess of tlial found by the above 



Fuinsca Propnrtloni.— Some furnaeeflore fairly well propor- 
tioned, While others are very defective. In someof Ibem the 
healing; surface is altogether too small for the amount of 
grate surface. The folio ning table has been complied after 
a caredil eiaminallon of a large number of IXimacex: tl 
showg the relative average proportions that should exist 
between the most Important parts in order to oblain aatisfac- 

The proportions shown in this table are based on a com- 
bUBtion of about 3 lb. of coal persq, ft.of grate surface per hr., 
and a Hirnace efBclency of about 70 per cent. This rate of 
combustion may appear ion. but It Is an ordinary rate for an 
ordinary fire. When the rate of combustion is much higher 
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Uikn 8 lb.. Ihe Ore requires attention 
too often. The heatlDsaurbce given 
in the Cable is larger tban is found in 
most turoBf^es. but it iB not too Urge 

f«(i«oa EllldltaD|F.''The etBciencj of 
a fUmsce lean Indication of itBabilllf 
to Import the heat of the hurning coft! 
to the air passing over the healed sur- 
faces. The efHciency of a given fiir. 
nace Is a qaanllly varying largely 
with eilaling condilioUB, sueh as the 
kind of eoal used, the vhlmnej' drall. 
and the quality of the attendance. 
It is found by dividing the number of 
B. T. U. per pound of eoal usefully 
applied by the number of B. T. U. a 
pound of the coal used is capable of 
mittlQg, Thus, if s 
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oold-BJrboi tolhetemperatiire found by actual m 
ftt each register face. Tbe B. T. IT. thus separately touDd are 
added and tbe sum represents the total aiuount of heat given 
off by the tuniaoe to the air per hour. 



Sl»afl»<(ts.-The ^ze of tbe leaders is influeoced b; 
their location, and their area should be made larger than 
Ibal of the stacks they supply, on account of tbs extra fric. 
tion encountered by the air in traveling in a boriaontal 
direction. 

In ordinary dwellings, the requirements of ventilation are 
not usually considered, it being assumed that the amount 
of air required for beating purposes is also sufficient tor 

There are various empirical rules for determining the sizes 
of hot-air leader pipeE^ but no single rule gives satlefactorr 
results in all cases. The follouingrule simplifies calculation, 
saves time, and gives satisfactory results for ordinary work. 
It is known as (he I, C. S. rule tbr leader pipes, and may be 
remembered hy tbe numerals I-IO-IIXI. 

Rills.— .^dd logtUier the area <tf (Ae expoied glaei tarface. in 
tijaare feet, the area of the erpoied wall larfaee, in tquare feet, 
divided bvlO.and the volsme of the room, itteubic feet, divided 
bS 100: the sum mlU be the area i^pipereqalrea.in igvareincbei, 
for IM flril fioor. 

Frtr Ihe namd-floor teadert, miUtipiy the sum found by Ihit 
rtile by .a, and for We Ihinl floor, 6;/ ,S, For north or wetl expoi- 
are iiKrease the leader-pipe area 10 per cent. 

A rule Aequently used G>r rooms having an excess of 
exposed glass and wall surface bases the size of the leader 
pipe on the cooling surface only, and is as follows: 

Rn\t.—Forroomi on Ihe Jlrit floor, add logetAer the lolal glati 
tarface and one-fo\trlh the area of the expoied miU, in iqiiare 
feet: tlie sum ii the proper area of the pipe, in iijiiare inchei. 
Far tecond-ttorv roorai. m^dtiptji bg .TS for a lonth and eatt 
expoiure: for Ihird-iitorj/ roamt, mMiplj/ bii .6 fora louih and 
eait (aposuff, and bn .71 for a north and vieit exponire. 
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In k rale used by many niinacemen. the cooling nir- 
fkcei are converled into ut eQuivnient ot lb« cubic con- 
tents of tho roonk to be healed, l sq. fl. of cold floor surface 
iBConaidered to equal l cu. ft.; 1 sq.ft. of ouMld« wall surbce 
Is taken to equal 3 cu. ft.; 1 >q, fl. of outside door surface i( 
considered as equal to 6 cu. ft.; and 1 sq. tt. of outside glass 
surface Is contddcred equivalent to 12 cu. n. The rule it 

flgl*.— ftnd Ike cutiic conlmli etjaiitdenl to the eooting <ur- 
/iKn ami add (ton to the cabic cvntrnti of the room, in cuSii; 
feet; divide the mm by (0. The quotient wUi be the Krtioaal aif a 
itf the leader f/ipt, in iquare fncAfB. Ad<i 10 per cent, for a 
north and aeit apoiure. 

Some ftimacemen delermtne the area of the hol-air pipe, 
in square Inches, by dividing (he cubic contents of the room, 
in cubic feel, by a coaslant taken from the following table: 



CONSTANT9 FOB PROKJRTIONINa HO 


-AIR pipta. 


Rooms. 


Constant. 


Flrsl-floor rooms, moderate exposure 


SO 




m3o 







Id the rule given below, the cable contents and dlfTerent 
cooling surfaces are reduced to an equivalent glass surface 
(abbreviated to E. G. 9), the following value being assigned 
the different quantities: 

12 pa. ft. of contents ^ 1 sq. ft. of glass surface; 
12 sq. ft. of cold fioor = 1 sq. ft. of glass surface: 
4sq, K. of eiposed wall = 1 sq. ft, of glass surface: 
3sq. ft. of outside door surface = t sq. n. of glass surfkce. 
Iliit$.— To jind the area of leader pipe, in square inches, mulliply 
the sum tif the actaal and eqaivalent fflaia nirjafe oj the room 
by s. For a north ot ant apoenre add lO per cent, to the area. 
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the size or hot-air leader 
: same room, their results 
appreciaWe 



If the dlffereDtniteBforfli 
pipes here giveu be applied 
may agree very closely, or there may 
divergence, depending on the conditior 
case of a large divergence, it may be welt 

Sli* of SUckt.— Far the Hret floor, the 
the same area aa the leader pipe. A bL 
second Boor may have .S of th 
a sl»ck leading to the third flot 
pipe. Stacks should have 11 
10 per cent, for each ofteet, 

Sliu st Ri(litari.— In calculallng the size of register neces- 
tacb or pipe, only two>thirds the area corre- 
ze given by manufacturers in thdrcataloeue 
list should be regarded aselfective, on accountof the obstruc- 
tion offered by the grtile-work, and by the body and valves. 



ick should have 
A Blacli leading to the 
1 of the leader pipe, and 
< .7 the area of the leader 
eotional area inoreascil 
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ce. a JO-in. pipe, which has a sectional area of 
q. in., requires at least a 10"xl2" register. A 
izc, however. Is belter, a it otTere lesa resistance to 
'. of the air. When the velocity of the alr-cnrrent 
n the register is liable to be unpleasantly high. It 
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may be reduced one-half st the point oteitl by doubling ih^ 
CBpaclly of (he register box aud the pipe for a short dletjxrio« i 
fiom the outlet. In designstiiig registers, (he Fjzes are laken 
ftom the outside of the register Cace. The cleac opening is 
about two-thirde the register face. 
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le heating enRineers proportion the registers U 
J c^onlentB of (he lOom to be Karmed; Ihe free ai 
Jster, Id iquare Inches, p«r 1,000 cu. ft. or space for dlffi 
velocities of iiir discharge from the registers and ib 



in the aerompany- 
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Velocity, in Feet per Minute. 
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Net Free Area at Register, in Square Inches, for 
Each LOUfCu. Ft. of^pace. 
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STEAM HEATING 



Pipes thai serve to conrey steam from the boiler, or other 
source of supply, and distribute it to several branches are 
known as >Uam maim. They are usually run along the cellar 
ceiling, being hung from the first-Boor beams by adjustable 
iron hangers. The}' pitch downwards from the highest point 
near the boiler to the lowest point at the farther end of the 
mains. The pitch should be at least 1 In, in 10 ft., so that 
the water of condensation may freely flow to the lower end 
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An oiier?uad main la a, steam main that 1e run horliODtally, 
ornettrt]' so, et en elevation blgbertliaD ibe radiators that it 

RiKri are vertical pipes that rise trom floor lo floor to con- 
vey steam rrom the eleam main to the radiators or coila »□ 

Sous downwards to the radiators or rolls from a steam main 
above, usually In the attic. 

A relant main ia a nearly horlzonlal line of pipe, usually 
run near or under the cellar floor ; It receives all water of 
condeusaUon IVom the heating system and returns It to the 
boiler, or otherwise dlaposes of it, 

Adry return main is one that is run above the water-line of 
the boiler and, consequently, ie partly lllled with steam. 

A wcl return main is one that la run below the wawr-line 
Slid ia filled with water at all times. As a rule, this Is more 
reliable than a dry return main, except in places where the 
main Is sutuect to frost. 

Return risen are those vertical pipes that receive the 
water of condensallon from the radiators or coils on the sev- 
eral flonrsofa building and convey It to the return maiD. 

A drip pipe, relief, or bleeder, is a small pipe used Co drain 
water of. condensation from the foot of the risers or from a 
low point, pocket, or (rap In the main steam pipes. 

Ritcr eonjiectiona are the ptpea, usually short and nearly 
horizontal, that connect the steam main to the lower ends Of 
therisenor (hat connect an overhead main to the upper ends 
of drop risers, 

Radlalor conneclioTtt are the pipes that connect the radia- 
tors to the risers or mains; they are usually short and seldom 
larger than 2-in. pipe. 

IHreet radiation is a term applied to all kinds of colls and 
radiators placed in»ide the rooms to be heated. 

Indirecl ra/tlalinn Is a term applied to all kinds Of eolls, 
radiators, and olher forms of heating surfaces located out- 
side the rooms to be warned. Indirect radiators are usually 
hung from the cellar ceiling, are encased with a jalvanlwd 
sheet-Iron Jacliet, and are so constructed that fresh air from 
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ibe outer atmosphere Qowa between tbe beating surfiuies and 
enters the room, thus providing ventilation u well ai heat 

Dirtcl-indirecl radiation, KinietinieB called lemidirecl, is a 
term applied to radiatara and colls located In the rooma to 
be warmed and provided with connections to the onler 
atmosphere, so that fresb air may enter Ibe rooms through 
the radiator flues and be warmed ibereby. 

MBTHODS OP HEA-riNQ Wt STBAM. 

Tbe various systems of heating by steam tuay be classed 
in a general way as (1) liigh-preiiart eyalrma; (2) lotn-preiiari 
tl/tUmt: (3) vacuum, or exhauil, tyelfmt. 

In the drat class are all sjstema of heating operated at a 
pressnre greater than 10 lb. ty the gauge; in the second class 
are those operated at pressures between that of the atmos- 
phere and 10 lb. by the gauge; in the third class are all ays- 
lems operated at a pressure lower than that of the atmosphere. 
Any one of these systems may be subdivided as follows: 
(l| the one-pipe system; (2) the two-pipe system; (3) the 
Iii'o-pipe system with separate risers; (4) the overhead -main 
or drop-'Upply system. These, In lum, may be gravity- 
return systems or forced-return sj'stems, and they may have 
wet-return or dry-return mains. In the graj-ity-rffura tyxtem, 
the water of condensation tlowsback to the boiler by gravity. 
This Is used In cases where the full boiler pressure Is allowed 
on the heating system. It cannot be used elsewhere. 

The/orCEiJ-rrfurn tytlmi Is that in which the water of con- 
densation ts forced back to the boiler from the return mains 
of the heating system by a pump, steam loop, steam-return 
trap, or other such contrivance. This system is used when 
the boiler pressure Is higher than that In the beating system, 
as, for example, when a presaure-reductng valve is used on 
the steam-supply pipe to the heating system. 

A common arraMement of the onr-pipe njs'n'i of heating 
is shown in Fig, 1, The holler a furnishes steam to tbe steflm 
main b. by wblcb It Is conveyed to the several risers c, c. 
thence flowing to the radiators d, d. et^^ within the rooms to 
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be warmed. The main b Is bo suspended fiom Uie SoorJaiBU 
b; hsngeTB aa to have a uniform fall ftom Its blghest point, 
whlcb Is Immediately abore the boiler, u> its lowest point /. 
A pltohof about lin.[m 10 ft. is uauaDy considered a Hufflcleot 
fhU fOi the main. When eteam le generated in Ibe boiler, it 



is forced Into the fleam main, ftom there into the risen, and 
thence inlo the ladiatoTE, The air that the pipes oonlain ii 
forced out of the eyslem to the atmosphere through air venta 
placed at suitable polnta In the system, usually on each 
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md the water of coiidenaattoii will fall by gravity W the bot- 
lom of the sti^am main, flow to Its lower end/, and enter Ihe 
bolloiD ot the boiler through the letam pipe g. The water 
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or condenaaCiaa lh>m the rsCllBtorB first accumulates tn the 
base of tbe radiatorB until a gufficlent hydtoslatlc head Is 
formed to cauee it lo flow out of the radlBiors against tbe 
inflow of (lie sleam. It then falls do«n tlie rlaerB, through 
(he riser coDnecliona, and Into Che eteam main, also agaiQBt 
the flow of the steam. If the riser connections lo the steani 
main or radiator connections to the riser have too little 
pitch, or if the pipes are too small, tbe flow of the water of 
condensation through them will be resisted to such ati 
extent by the Sow of steam that the water will not flow off as 
quiclily as it Is formed, the result of which will be that the 
water will accnmulole in (he pipe until it entirety closes it, 

should be made sufRdently large lo prevent such a dltrer- 
ence between the pressure in the boiler and that at the 
point /as will cause the water lo back np In the main and 
retard the Sowof sleam to any riEer connection. 

The lwo^ix»y>lem is Illustrated by tbe risers and radiator 
connections at (he right of Fig, 2. Each radiator has two 
connections, one of which serves as an inlet for s(eam and 
the other as an outlet for water of condensation. 

One of the many raodlHcatlons of the two-pipe system ia 
that known as the separate-rdurn ayttem shown at the left of 
Fig. 3. From tbe boiler a the return main b pitches down- 
wards to the potTit at which connection with the return 
mam els made by the relief piped. 

It will be otieervcd that in the method of piping radiators 
e. e. c, the radiator return connections discharge into the 
same return riser / above the water-line. Consequently, 
steam Is liable to flow from one radiator in I o another by way 
of the return rlfcr. This is objectionable, because (he inflow 
of steam lo any of the radiators agalll^t the outflow of the 
water of condensation lends to cauie (he water to back Into 
tbe radiator and thus Sood i(. 

When a radiator is dniiblc-pipcd there should be a con- 
tinuous Inflow of sleam through the inlet only anri an 
outflow of water of condensalion through the outlet only, 
the water and steam always Bowing In an unchanging 
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e Gonneclsd up by the 



direcliou. This, 
the radiators a 
Bbawn at B. 

In order to obtain a positive circulation tbrougta Ibe radi- 
ators and tbroijgbout the system, the return riser from eaeh 
radiator may t>e contiDued do»n seperalely and connected 




together below ibc level of the boiler 



iieam supply passes up the riser t to the top 
lienre alone the horizontal branch main h, 
rough (he drop riser d. The radiators have 
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dngle-pipe eonnettlonH to tl 
coudensBtlun in Ibe pip«e h, 
M the fiteani, instead of in tl 
Bingle-pipe ayBtem. 



I Bleam supply. The water of 
I moves Id Ibe wme direction 
) oppodte direction, aa In the 



Sttndtrd Pip* Ihritdi.— Wliat Is knowu as the Briggi 
itandard pipe threads hB.ve B.n angle of €0°, and are ronnded 
off slightly at the tcp and bodom. so that (he depth of the 
(bread Is only fonr-fiftbs as great as It would be if the threads 
were sharp. The outside surfare of the pipe Is tapered to ■ 
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certalD dlMance Avm the end, the Uandord lapei being suuh 
tb&t the pipe mrflice incliiieg toward tbe axis of the ]ripe by 
1 in 31. This nukes tbe Ii>tBl taper, sa measured by tbe Tsrla- 
tlon In outside diameter, e<iual to 1 !□ 16, or 1 in. to the tL 
The propoTtioDs of standard pipe tbreada and the standard 
dimenalonB of wrougbt-iron ateam. gag, and nater pipes are 
glTcn in theaecompenjlug tables 

piping, the cenleT-to^oenter distances of the dlO^reDt pipe 
lines are measured flrtt, and then 
[s made for the Htllugs. 



In 



g for A 






where oiTscts are required, place ibe 
fittings in position and measure 
between them, using try pieces that 
point straight toward each other. 
In ease it is tneonvenient to do this, 
the measurement representing the 
exact distance from center to center 
between the parallei pipe lines con- 
nected by the off^t may be taken, 
and the length of tbe diagonal line 
fyom renter to center of 4^ ftttlngs is 
foundby multiplying tbe distance by 
1.4t42, and of 6U° Rttlngs by 1. 1347. 
7rom the lengths thus found must 
be subtracted the distance between 
the ends of the diagonal pipe and 
the center of the fittings. 

EXAHPLB.—What lengtb of pipe 
Is requited at b. Fig. 1, assuming 
that 1 in. is allowed between each en 
center of each fitting, the distance c being t 
ti" nitings being used? 

Solution.— Multiplying 4 ft. 9 in., or 67 In., by 1.4142 and 
subtracting the sum of the distances from the end of the pipe 
to the center of the fittings al each end. we have &7 x 1.4H1 
— (1 + 1) = 78.6 in., ora trifle oTcrfitl.H in, Ans 




>f the pipe and tl 
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A simple method for flndinff the diagonal length wlth4S= 
flttlngB is BS follows: Strike two parallel chalk Ilnee on the 
floor to represent the center llnesof the pipes to be Joined by 
the diagonal piece, asab and c d. Fig. 2. Lay a steet square 
against one of these linea, as shown, and draw a perpendic 




ular line ej. From the inlersecllan at / on ed lay off a 
point !J, makinR/pequal toe/. Draw a line through eand g, 
Then lay a 4Sfi fitting over each of these interscctlone and 
measure with a rod A the length of pipe required. 



,— The si 



: o( SI 



poses depends on several faeior 
sure, length of Ihe pipe, and frictional resistance of the pipe 
and fltllngs. All these factors, including also the diameter of 
the pipe, influence the velocltyof flow and hence the amount 
of steam delivered in a given time. 

Sleaiu-h eating mains should be proportioned accordina to 
the desired drop In pressure and the amount of radiating 
eurface to be supplied. As branches are talieti olf. the piping 
is commonly reduced in slie toward the end of the main. 
gouie pipe fltters reduce the oiie of mains in proportion to 
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the decrease In tbe combined area of the braocbeis to be 
Bupplled. but tbU Is not correct. The leductloD Ehould be 

The n-ictlonal realBtance to the flow ot eleam increaiiee 
with the length of the pipe, the quantllj' of eteam deliv- 
ered being conespondlngl)' dinuoiahed. Approximately, (be 
resistance vaiieH inversely aa the square of the velocity: 
that Is. taking a velocity of 100 ft, per sec. for example, atid 
assuming the reduction In pressure in lOD ft. of main to be 
about li lb., with 50 ft. velocity per sec, the reduction In 
pressure would be only one-fourth, or ) lb. 

Id the design of large heating systcois. it is essential that 
the length of the various pipes be couslden^ In delerminlng 
their diameter. 

Cmptrlo*! Rult for Ord'niry Reildeicg Milu,— Under the 
conditions onlinarlly found in low-pressun.'. gravity, resl- 
dence-heailng systems, an adequate supply of steam can be 
obUlned by allowing .3 sq. in. in sectional area of the main 
for each 100 sq. n. of radiation to be supplied. This factor 
applies to mains larger than i In. and makes allowance for 
loss by condenaalion. For smaller mains, 1 sq. In. of sec- 
tional area should be aliened for each IcO sq. It. of direct 
tadleUoQ. 

SliM of Holm for Two-Pip* Syittiit Ml Olrtct RMNtllon.— In 
the following table, prei>ared by Mr. A. R. Wolff, is given, for 
a two-pipe system, the amount of radiation that mains ol 
diff^ent s\zes and 100 ft. long will supply under different 
steam pressures. The values given are based on the assump- 
tion that 1 sq. ft. of radiating surface will transmit aao B.T. O. 
perbr,; hence, the values In the columns headed "Total Heat 
Transmuted, B. T. U.," areobtalned by multiplying by '250 the 
values in the columns headed "Direct Radiating Surface. 
Square Feet." The amount of radiation supplied bya pipe 
more than 100 ft. long may be founil by multiplying the 
number of square feet of radiation gl\ en In the table, as cor- 
responding to the size of the pipe, by the square root of the 
quotient obtained by dividing 100 by the length of the main, 
ill feet. To avoid the necesslly fur calculating this factor, its 
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for Mains 



I ordllTervnt ICDgtbs 1b given lu Ubie "Factor* 
D the actus.! length of the pipe must be added 
an allowance for the resistance of flttlnfts, etc.; the Corrected 
length is called the fTuivoIcnC length. In low-presaure beating 
the reslBtance Of bende and fittings la approximately equiva- 
lent to iDcreaalng the length of tbe main b; the following 
amaunti: Right-angle elbow. 40 diameters; globe valve, 
nee to T, 60 diameters. Thus, If a main 
lameter has ■□ actual length of 121 ft,, and three 
10 globe valves, and one T, Its equivalent length le 
40XA + 2X125X A + IXOOXA" 2S1.5 ft. 
OP MAINS, DIRECT RADIATION. TWO'PIPK 
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SIzii or Milni far Indlnot Rtillitlon.—Oiie square foot of 
Indirect radlallan will under natural draH condense as much 
Bteam as 2 sq. ft. of direct radiation. Therefore, tbe table, 
"Sizes of Mains, Direct Radiation. Two-Pipe System," may be 
used for determining Ibe size of i^pe required. To use the 
(able for Indirect radiation, multiply the given number of 
square feet of Indirect radiation by 2; look tor the number 
nearest to the product in the column headed "Direct Radi- 
ating Surface, Square Feel" and al the left the pipe sizes will 

SUM of Milns fst DIrnt-lndliect RidDUsn,— The sizes ot 
mains for direct-Indirect, also called eemidlreqt. radiaton 
can be found In the table headed "Sizes of Mains, Direct Redl- 
atlon, Two-Pipe System," multiplying the given radiating 
surface by 1.5 before enlerlnff the column headed "Direct 
Radiating Surface, Square Feet." 

Sli< dI Miln (ar Ont-Piiit Syttana.— The pipe diet given In 
the following table are such as will insure satisfactory resulla 
with Blngle-plpe systems in which the distance of the water 
level in the return above (he boiler watet-Ilne Is l^om fi to 12 
in., the sl^m pressure varying ftom i to 'i\ ll>. per sq. in. 

Since in dngle-plpe work the .iteam and water of conden- 
sation flow through the same pipe, and frequently in opposite 
directions. It is necessary to use larger pipes than with Iwo- 
plpe systems, so as to Insure as free a flow of the opposing 
currents as practicable. 

The pipe tizes given in the table "Size of Main, Direct 
Radiation. One-Pipe System," may be multiplied by .8 Co 
obtain the diameter of supply mains for a two-pipe system. 
The corresponding diameter of return main may then be 
taken tram the table "Sizes of Mains, IMrect Radiation. Two- 
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Pipe System." In applying both tables to the same two-pipe 
system a slight differeuce in the results may occui, because 
tbe tables represent the successful practice of different engi- 
neers rather than ab^tute vtLlups based on purely theoretical 
consideratlonB. The differences that may be found are not 
material ones, however, 
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lalluiiKa of Xnllibl* Drgp In Pdiiar* an Sim of Milni.-rhe 
diSance between the boiler water-line and the lowest point 
In the steun supply main often dtilerminee the size of pipe 
tiiat must be ueetl. To obtain utlafactory resulca the piping 
Byslem muM be designed according to the available drop In 
pre»snre. In operation, the height of the water lerel In the 



fl;Jgi.«i^ 





^■ faJjL 



.m: 



returns above the water-line of the boiler represents the 
available drop In pressure, which Is commonly expressed In 
Inches of water column. Generally speaking, on gravlCy- 
retum jobs, the higher the main the smaller It may be; and 
the nearer the lower end is to the level of the boiler water- 
line the larger must be the main. For Instance, the above 
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Illustration shows bow a radiator may be coanected up 
with differont Elzee of pipe and yet the same heating reaulta 
be obtained lu each case under a 5-lb. prewuie. At (a), the 
main has been run so low that it 1b necessary to use a 2-ln. 
main to prevent such a drop In pressure as would cause the 
water In the drip a to rise Into the main and thereby Qood 
the inlet to the pipe b. The end ot Ihe main is only 3 In. 
above the boiler water-line, shown dotted, making necessary 
the use of a large main. 

At {b). the available height to which the water lu a may 
rise is 12 in. This isdue simply lo raising Ihe main. A li-tn. 
main will then serve the radiator as easily as the 2-in. main 
In (ai. 

The main shown at (c) is raised (o a height ofse In. above 
the boiler water-line, and a 1-ln. pipe will serve Ihe radiator 
as easily as the larger pipes required under the eondllioDS 
indicated In (a) acd (b]. The only difference is that a pres- 
sure of about ^ lb. may be carried in (c) and about 4 lb. In (b), 
while (n) will work satisfactorily at a pressure of 1 lb., pro- 
vided, of course, that in eiicb case the bailer water-line does 
not rise above the dotted line shown. This shows how heat- 
ing engineers may use small pipes on some jobs, but must use 
large pipes on others. It shows, loo, how economy may be 
exercised in piping a steam job. There are many places 
where the titter may reduce the slies of the pipes by raising 
them, but he must use good judRTnent, otherwise there will 
be times when the water will back up in the mains and 
cause considerable trouble. The ptpe^ies given In the Illus- 
tration are the smallest that should be used. To provide a 
margin of safety, 11 is advisable to make all the pipes one size 
larger than shown. This will provide fOr the Increased flow 
of stauu when It is turned on a cold radiator. 

The factors given in the accompanying table may be used 
in calculating Ihe size of piping for various pressure drops in 
mains 100 ft. long. They represent values obtained by Prof 
R. C. Carpenter and are applicable to ordinary house-heating 
Inelallallons, where the amount of radiation does not exceed 
2,000 sq.ft. 
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SlHiof H»turni.-Tlie sizes of return pipes depend on Ilie 
size of the system and tlie cliaracter of the returns, whether 
wet or dry. With v>a rtfurns, it Is considered good practice 
to make the area of the retnrn piping equal Co about one- 
fourtb of that of the Eteam piping In plants where the steam 
pipe Is larger than 3 in. Where the Bteam pipe la less than 
S In. it IB customary to make the return one or two sizes 
smaller than the correspond lug steam pipe. 

With dm rrtiimi, It is considered good praetlce to malie 
the area of the piping equal to about one-half that of the cor. 
responding steam pipe. It is good praetiee never to u^ a 
return smaller than l-ln. pipe. The table, "Sizes of Mains, 
Direct Radiation, Two-Pipe System," previously jjlvcn. indi- 
cates sizes of return pipes, with corresponding steam mains, 
that have been found to work satlslkctorily In practice. The 
diameter of return pipes from indirect heating surfaces ahould 
be about SO per cent, greater than for a similar amount of 
direct radiation. ■ 

SiKi «' Drip Pipai f>r Statm Miini.— Since the amount of 
irater of condensation (ohe handled by drip or relief pipea is 
practically an unknown quantity, no general rule can be 
given for proportioning them. It has been found In practice. 
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however, that the Bii«9 given In the accompanying tsUe fu 
ordinarily ample for draining covered mains of variou 
tengihs. Drip pipes should be connecled to the return mat: 
in such a manner as not to Impede the circulation, bu 
rather to increase the velocity with which the wal«r c 
condensation returns to the boiler. 
Sizes OF onip Pipes Fon oovched steam mains 
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Sii« sf Orip ripat f>t Rliitt.— The sizes of drip pipes at 
the foot of rieerg of one-pipe sysCems depend on the amount 
of radiation supplied ftom the risers. Ordinarily the elzea 
given for return pipes In tbe second columti from the left In 
the table ■ 'Sizes o( Mains, Direct Radtation.Two-Plpe System," 
previously given, are suitable and will glvesalisfaclor]- results 
by ualng them In cotiJiinctlon with tbe flgures given In the 
radiation column under the 5-1b, pressure. If the drips ere 
connected to a dry-return main without being sealed, sl«am 
wilL Boiv thrijiigb them Into the return main and may cause 
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lOMtltn of RtdlttDll.— Direct radiB.tors Ghould be located 
iieBr the outer walla, where the cooling liiBuetice Is greatest. 
When the railiiitors are so lorated that the warm-air currents 
aBcending from them will mix with the incoming cold-air 
leakage, a nearly uniform temperature Hill be maintained 
through out the room. 

Fig. 1 serves to illustrate the difference in heating results 

between placing a radiator under tlie window, and placing It 

against an Inner wall. The 

arrows show the circulation 

of (he air. 

are necessarily placed again&t 

Fig, 2, and as a rule are 
thereby located properly. 

Indi reot redi ators are ueu- 
ally located against or near 

Fig. 3. The efficiency of the 



height of the radiator Sue. 

In factories and work- 
shops heated by steam in 
pipe coils, it is customary to 
place the colls on the walls 
of the room and near the 
Pin 2. floor. Another common plan 

Is to place the colls over- 
head , suspending ihem horizontally below the ceiling. The 
movement of machinery will usually diffuse the heated air 

Pr»»ortlonlii( Rtdlation.— To And the amount of direct 
radiating snrbce required to heat a room, basing calcula- 
tions on Its cubic contents, allow l sq. ft. direct radiating 
surface to the number of cubic feet shown in the following 
table: 
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Description. 


Cu. Fl. 






LlviiiM rooms, 1 or2eKpbsures with Urge amount 


60-70 


Sleeflng rooms 








75-150 





for exposures, leakages tbroug-h bi 



lis table applies to (ilre< 

tors are used, allow not 

If airett-indirect radii 



rsdialion nnly. If indirect 
tors are used, allow not )e$3 
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than 25 p«r cent, more surface. The general use or our 
melbod of proporlioning radiation to tht cubical contents of 
tbe rooms to be healed is not advisable. The foregoiug table 
is presented merely for the convenience of those who maj' 
be able to use It with good judgiueut, and for "checking up" 
purposes, 

Prgpgrtlgn of Ridlallnf Surfict to 6lMt Surftoa StMi|i|i'> 
tOi\t.— Divide lliedifferaise in lemperalare bttween thai ai which 
the room is to be kppi and the coideal outside airttoiphere, by the 
difference tielmeen the lemperataTe itf the tteam pipes and that at 
vilaek the room u to be kept. The quotient vriU betheigwtrefeet 
or fraction thereof ilf plate or pipe surface to each square toolqf 
fflaei, or tit equivalent in wait sarjaee. 

Let S = amount of radiating surface required to counter- 
flct cooling effect of glass and its eqniva^ent in 
expoeed wall surface, in square feel; 
( « difference, in degrees F., between desired temper- 

(i ^ diQ«rence, in degrees F., between temperature of 

heating surface and that of air in room: 
( ^ number of square feet of glass and its equivalent 
in eiposed wall surface. 
Then, S - -j- e. 

The heating surface Ibund by this rule only compensate! 
for the heat lost by transmission through windows, walls, and 
other cooling surfaces; it does not provide for cold air enter- 
ing the room through loosely fitting doors, windotta. etc., for 
which an ample allowance must he made. Some buildings 

added to the amount of heating surface obtained by the rule 
in order to coumeract the conlingeU'ect of these air leakages. 
A common practice is to add -26 percent, for buildingsof ordi- 
nary good construction. Ample ullouaiice should be made 
for rooms eiposcd to cold winds. This rule also applies to 

Suppose that we have three rooms A. B. and C. aa shown 
in the accompanying illustration, of precisely the same 
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dimeD^oiiB. and consequenlly having the same cubical coO' 
ten t«.tbe rooms beingeach 25 ft, long by sort, wide, wliballMl. 
celling. LetasalsoBupposethfLt thetiaUB,Drconidois,Z>uid 



tbe other rooms In Ihe building will be warmed to a tem- 
perature equal to tbat desired tn A, B, and C by radlaton 
not shown; flnt jffoceed to find, by Baldwin's rule, the 
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■mount 0. heating surface required to mnlDtain a temper- 
ature of 70= F. iQ A, B, and C, assuming thai the radiators 
will be heated b; Eteam havlQg a pressure of a lb. bj the 
gauge, the outside temjierature being 10° below zero. Let ua 
(uppose that the wiadows are each 6 ft. by 3 ft, and that tlie 
exposed walls are built of good, ordinary briek, lathed and 
plastered iuatde. 

When lathed and plastered hrlck walls are used, as in the 
figure it Is sate to estimate that about 10 sq. A. of wall sur- 
face will be equivalent in cooling power to 1 sq. ft. of glass i 
consequentlj', lo this case 

wall surface , , .'■, 

~ — j-r — equivalent glass surfeoe. 

Let us commence with room A: the amount of glass sur- 
face here is 6 X 3 X 4 =; 72 sq. ft. To this must be added (he 
exposed wall surface reduced to a glass equivalent; thus. 

Since we assume that the Inner walls, Qoors, and ceilings 
are not cooling surfaces, the total coaling surface of the room 
Aisri + 37,8 = 109.S sq. ft. = », 

The temperature of steam at 5 Ih. gauge pressure is tS°, 

and the dlH'erence between "0° above zero and lO" below zero 

is IV + 10°; therefore, substituting in the fotmuia, we- have 

S = 2'7"^'|j ^ ^"^-'^ = 50 sq. ft,! nearly. 

This, however, oounteraols only the cooling effect of the 
walls and windows, and to make reasonable allowance 
for air leakage, add 2a per cer 
14 sq. ft., which gives 56 + 14 - 

Suppose that we allow 20 per cent, of the direct radiating 
surface (70 sq. ft. In this case) for a moderate exposure to 
winds; the size of the radiator we would place in A would 
(hen be 70 + 14. or 84 sq. ft. 

For convenience, we may divide this into two radiators, 
a and A, a having an area of Msq. ft. and Ban area of 28 sq. ft. 
This win so divide (he radlalor guiftce that one-thltd, 
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or28sq. ft., may be used during mild veattier; lwo-(hIrd£, ni 
68 sq. ft., for moderate cold weather; and the whole, ot 
M sq. ft., for use during severe iveather. 

In like mancer and under the eaiue condiMona, we find, 
fbr the room C, that the sizes of the radiators (. cf.and t 
aliould be^ reHpeetlvely. 40. 82. and 42 sq. fl. 

Aa the coldest winds blow in ttie direction of the arrow, 
the radlatDi having 82 sq. ft, is placed in the left-hand exposed 
corner of the room C Abetter distribution of the radiating 
surface in this room tvould be to make d 42 sq. ft. only and 
place a radiator having 40 sq, ft. between the windows 
toward whlCrh the arrow points; this would ineure a more 
uniform temperature in the room. 

It win be observed that A, B. and C. three rooms having 
IheLsame shape and cubical contents require W, 40. and 124 
sq. ft. of heating surfoce. respecti veljr. In order to maintain 
a temperature of 70° F. in each when the outer atmosphere is 
10° below zero. This example shows how imperfect must be 
the mle-or-thumb method of proportioning radiator; to the 
cnbloalconieutB of rooms, 

Tiblts Uttful In Ridlatsr liittllitton.— A number of tables 
that will prove of use in propoilinnlng radiation for various 
purposes are glveti In the succeeding pages. 
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lirept radiators are frequently Ui 
IS high ae that of pipe heaters. 



Extended-siirfaci 
small laatBllationi 
effidency is not nes 
extendcd-KMrface in 
should about be d'liililed. and the sectJotit must be si h veered. 
Extended-surface Indirect cast-iron radiators are usod extcn- 
Bively tot gravity air clrculatioii, beln^ supplied with a cold- 
nlr duct 10 the outer atmosphere and a wana-alr pipe to a 
register in the room lo lie wanned. Both the plain -surface 
indirect and the pipe heaters are used extensively for blower 
systems of heating. They are usually set about 16 to 24 pipes 
deep, and are supplied with exhaust steam ftom engines, or 
live steam through a pressure regulator. 
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Tlie following (able \ 



II be round useful in determining 
en heating apparatus is capable of 
erature of 70= throughout the huiiaing 

VP at the time of testing; then. If the 

le table for Euch coDdition it may safely 
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m ibat Is provided wilh special n 
adapu it to receive the exhaust eteam from engines and 
pumps, thereby saving the heat In exhaust steam (hat would 
otherwlw go to waste. 

The Keneral arrangeinent of apparatus for controlling the 
steam supplj* and drainage in an e:ihaiiEl system is sliOAvn in 
the accompanying lllus) ration. The steam main a Is con- 
netted to the exhaust piped and also to a pipe cthat supplies 
live steam from the boilers. This steam passes through a 
pressure-reducing valve e atid is lowered in pressure to the 
de^red amount before entering the heating main. By this 
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P»l S]ritini.-~-What la kaonn m the faulai/ilfln of besting 
la illustrated in Fig. 2. The geaenl amngement of the nulss 
in the basement is similar U> thnt ot tbe syBtems described. 
Prom the boiler a steam la supplied to. the engine 6. tmm 
which the exhaust passes to the feedwater healer c and 
thence Co the heating system, the feed-pump d returning the 
water of condensation lo tbe boiler. A by-passed reducing 
valve e in the Bupplcmentary live-steam connection controls 
the supply of steam Itom the boiler in making up for any 
dcfldency In tbe available amount of exhaust steam. The 
escape pipe to the roof is provided with a Ugblly weighted 
hack'pressuie valve/. The return pipe is connected lo an 
automatic pump governor. The steam pipe g connects to the 
eihauating apparatus h. the discharge pipe from which is con- 
nected to the exhaust escape pipe to the atmospheie. The air 
pipes are connected to the sucllon opening in the eihaosting 
apparatus A and have a check-valve i that serves to hold the 
vacuum in the air pipe, a gauge j Indicating the amount of 
vacuum obtained. The exhausting apparatus and connec- 
tions arc auxiliary to reguiar gravity steam -beating systems 
to which the apparatus is commonly applied. The radiators 
may be arranged on the one-pipe, down-feed system, or may 
he conneoled up on the two-pipe, up-feed system. The system 
of sleamand return pipes is practically the same, asfarasthe 
risers and connections to the radiators and mains are con- 
cerned, as for ordinary gravity systems. The air piping is 
practically the same as would be erected for gravity systems. 
With the exception that in the cellar the air pipe is connected 
to the exhausting apparatus of the sj'stem. 

In Fig. 3 is shown the eihenstlng apparatus for a plant 
having a large number of radiators, the apparatus being 
arranged in duplicate so that either ejector may be operated 
should the other become disarranged. Live steam enters tbe 
exhaosting apparatus through the pipe a and one or both of 
the valves b, b, pss^ng to the ejectors c, c, pipes d, d, check- 
valves e, e, and through / to the exhaust escape pipe. The 
Bow of steam through the ejectors c, c creates a partial 
■ vacuum in the air-line piping g, g, through which the air 1^ 
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drawn from the radiatora. The valves h, h provide for tbe 
Independent operation of either half of the apparatus, while 
the check-valves (, ( serve to prevent the eMabllebinent of a, 
preaauTB ia the air piping equal to or greater than that of 




the atmosphere. The vacuum gauges j, j Indicate tha extent 
of the vacuum created by the eteam in flowing through the 
eJectoiB c. c. The pipe it serves as a by-pass, by which one 
ejector may temporarily remove air from both air llaes. 
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■•faarjF-SMl Sjrilttn.— The Trane synem of Taonum beat- 
Ins belongs to a clan of heating s;st«iDB in which a partial 
vacuum created by condensaLton le maintaliiHl by a seahng 
device that prevents the entrance of air to the piping. In 
thii »ystem the main air pipe is connected to the top of a 
merctirr sealing device. Automate operatlDn of (be appa- 
ratus Is obtained by using a tbennostat ' 
a diaphragm draft regulator on the 
boiler. The weight on the diaphragm 
regulator Is adjusted to the require- 
ments of the weather. Immediately 
on the sir reaching the desired tem- 
perature, the thermostat closes the 
necesEary electrical circuits for actu- 
allng the motor with which the ther- 
mostat and lever of the diaphragm 
regulator ore connected. Thereupon 
the raolor closes the drafts, and the 
thermostat assumes control of the fire, 
contliming In control until the tem- 
perature of the steam becomes loo low 
to supply sufficient heat to maintain 
the required temperature in the room, 
when the thermostat transfers the 
control of the fire to the diaphragm 
regulator. By the joint action of the 
thermostat and diaphragm regulator, 
the steam pressure eipels the air and 
the condensation of steam creates the 
partial vacuum wherewith the circu- 
lation of steam therestler lakes place. 

The mercury trap, shown in Fig. 4. 
conslsls of an outer tube a and an in 
which air f^om the beating system discharges through the 
mercury c. As long as the air pipe Is cold and there is pres- 
sure above that of the atmosphere to drive the air from the 
system, it will be forced through the mercury and out of 
theoriflceiiln the side near the base of the aeal. Tbeuw-" 




r tube b through 
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Uie mercury ixaX \a conoectjaa wjiii t, low-pressure steam 

Eath radlalor is provided with a Uiermostatlc air valve, 
such as is used with the Faui system, and as tbe air cauDOt 
return to ihe radiatora because of the mercury seal, the 
steam may be maiatained at a lower tempeiature tban 212° 
owing to the absehce of air and the partial vacuum Ibroogb- 
Dut the ayslcm due to condensation. 

The sizes of air mains required are ^ lu. for 601} ft. of radia- 
tion, ) in. for I.DOO to 2,000 ft. of radiation. 1 in. for 3,000 ft. of 
radiation. The air pipe risers are i in. to J in,, ordinarily. 

In order to maintain (he vacuum created by condensation, 
it is necessary that the valvesand all joints shall be absolutely 
tigtit; and ^nce the ordinary types of radiator valve wltb 
packed stufflngboi leak snfBciently to destroy the vacuum, 
it is desirahle to use a special type of steam valve in which 
entrance of air to the piping system Is prevented by substi- 
tuting a flexible dlaphr^m for the ordinary EtuOtngboi, 



What Is kno^^n as the dialiiel tutlem of steam heating is 
employed In towns and cities, the steam being dlstrlbuled 
from a central station by means of underground mains laid 
through the streets. A common arrangement of the connec. 
tions from the street mains to the house pipes Is shown in the 
accompanying Illustration. The service pipe n Is provided 
with a valve b inside the basement wall, so that the house 
system may be shut olT when desired. The steam passes 
through a pressure-reducing valve c and thence into the dis- 
Irtbuting pipe or house main e. The water that may enter 
from the service pipe Is XeA away by the drain pipe ri. The 
returns are all connected into the return main /, which is 
below the water level fixed by the elevation given the steam 
trap I: thus, in the fl^ure. It Is at the line a- The hot water 
thira the trap should never be discharged directly into the 
hoUM drains, because of Its destructive etTect on the ptitea, 
but should he cooled tjefore escaping to the sewers, by allow- 
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lug It to flow through 
a coll of plpei called a 
cooling coil. Tbe coll 
should never deliver 
directly Into thedraln- 






all 



Into a, deep, sealed 
trap. This la to prevent 
drain sir entering the 
heatltig system or the 
building. The trap, or 
hot wel 1, should al ways 
dellverlnto the house- ^ 

the sewer side of the 
main-dr^n trap, to 
prevent hot vapora 
passing up the iron 
drainage system in the 
building. 

zc of cooling 



coll. I 



> feel 



• delermlned , 
closely by means of 
the factors given In the a< 
Coil Factors.'- The usual siz 



Discherged by 
I>egrecs F. 



impanyliig table, "Cooling- 

■f trap eaii be found from the 

table, "Capacities of 



For Size of 



BEATINQ AND VBHTILATIOH. 



BlzeofTrap. 


Capacity of Trap. 


S,2 


1 




Indirect 


Hot 


Temner 










la^ila. 


«s 
















Sq. Ft. 




^ 


1 


) 


1500 


1000 


250 


































^t 










£00 




J 


, 






200 


100 


S-2 


































fi,CCO 








1 


j 


2,400 


1,600 


400 


100 


g 


























u 




7.500 




1,250 


860 



DRYINQ VI STEAM. 

B.lhodi.— There are four cuiomon methods of dr>-lng by 
Bleam. Flrsc, by brlnglnK the materials U> be drivd into con- 
laet ivtth revolving, polished, sleam-healed cylinders. Sec- 
ond, by placing the roatorlals in drying closets healed by 
high-presEflire or low-pressure steam cireulatlog through colls 
of pipes, [he air in tbe drying room only moving by the 
force of gravity. Tiilrd, by placing the materials in sleem- 
heatiNl drying closets having one or more horizontal disk 
ItinB near the celling of the drying chamber to agitate the nir 
therein. Fourth, by placing the materials In drying closets 
and evaporating Ihe moisture by means of large quantities of 
air tbrepcl over the pipe coils and through Ihe drying room 
by uieaUKOf a fan. A flfUi method Involves the use ofa con- 
denEier through which Ihe motsture-laden air U passed lo 
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lower Us l«mp«relare and remove part of Ita molatare, the 
air IhUB treated being circulated over and oyer between 
the drying clmet and the condenser comparlment b^ mean) 

Dr)lii| b]r Eiriinritiu.— 1( a body or wum air, or ordinary 
presmre and humidity, be brought into conlact with water, 
evaporalion will IK^ at oaee. The vaporitation of the 
wBler will (Continue until the air attains the maximum per- 
centage of humMlty, or becomes tatuToUd. The rapidity or 
evaporation will be proportional to thedjHference between 
the actual humidily of the air and tbe po^ble humidity, or 
the paint of maximum saturation. 

The capacity of air for absorbing moisture depends on tta 
temperature and its relative humidity. The higher lis tem- 
perature and the lower its percentage of humidity, the greater 
will be the quantity of moisture it can absorb. Should the 
air be cooled after becoming saturated, part of the moisture 
will be deposilEd In the form of fog, which will condense 
inio dew on any object colder than the air. If the temperature 
of the air is again raised, the air will take up more moisture, 
which wilt again be deposited in tbe form of dew when tbe 
temperature falls. It is tblB moisture-absorbing property of 
air that makes air valuable as a drying medium. The eiS- 
olency of a drying apparatus In which hot air is nsed as the 
drying agent depends on several iactors, among which are 
the fol lowing: 

heated; second, the temperature imparted to the air; third, 
the amount of surface of wet material from which evapora- 
tion can readily lake place; fourth, the volume of air 
circulated through the dryer; fifth, the distribution of the 
fresh dry air over tbe evaporating surfaces; siith, the 



The accompanying table shows that the quantity of mois- 
ture 1 cu, ft. of air will take up Increases greatly as the 
temperature rises. An Incrense of about 26° V. doubles Its 
capacity for absorbing moisture. Hence, all other conditions 
lemalning tbe same, the time required to accomplish the 
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drying in a drying chamber will be reduced about One-balf 
for every 26° F. increase or t«mpei&ture. This piDVW tbe 
TRiue of a high temperalure In the dr7er. 
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The volume of air required to pass Ihrougb a laundry 
drying room depends on the size nf the dryer, tbe lempeia- 
lure maintained therein, tbe number of changes of air pei 
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hour, the amDunl of moisture in tbe goode to be dried, and 
the tempenture and humidity of tbe Incoming air. The 
range of temperature Id the United aiatea may be taken tiara 
0° F. to 100° F., and the range of relative humidity from 40 to 
100 per cent. It will thus be teen that a much greater 
volume o[ air will be required in a, dryer on a hot, humid 
day in summei than on a clear, cold day In winter. 

Blnee one change per minute gives good results in ordi- 
nary practice, an easily remembered Hlmple empirical rule 



Another method of determining the volume of air required 
is to calculate it on tbe basis of the amount of molatnre to be 
evaporated. Each square fbot of wet goods taken from the 
centrifugal extractor «ill contain, approilmately, 2 oz. of 
water for thin goods, such as sheets, towels, pillow cases, 
etc.. and I^m 2 to 3 oz, of moisture per sq. ft. for single 
thicknesses of blankets and other woolen fabrics. The tem- 
peralure of the air in the dryer being maintained a(, say, 
1^ F., leu. fl.of air at that temperature Is capable o( absorb- 
ing M. 115 gr. of moisture. 

The number of grains of moisture in an ounce la 43T.5. 
Therefore, 497.6 -;- S4.115 — 12,82 cu, ft. of air Is required to 
absorb 1 oz. of moisture. In order that Ihe surcharged air 
shall be disposed of quickly and before it reaches the point 
of maximum saturation, it is good practice to provide for 
1.5 times the theoretical amount of air to Ije delivered to a 
drying chamber, In order to dry all kinds of materials In Uie 
same length of time, and to provide for other contingencies, 
such as radialion of heat and leakage of air through tbe 
walls and crevices of Ihe chamber, Imperfect circulation 
of air, etc. 

To compote the volume of air to he delivered to a dryer 
per minute, on the hasis of evaporating the moisture con- 
lained in the wet fabrics, tbe following rule may be applied; 

Hula,— JfniKplif tht nunl^er of iipiare fttt nfvret maleriai in 
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rack rack by the number of radu in the ari/er. MvMply thU 
product by tht taanbtr o! omtca iif moitture in each tqnare fool 
nf wft Material and hj the nanber of tHfrie feet of air reguired, 
at the temperature maintaiiied in the dryer, to abgort I oi, pf 
moitture: fhien mvja^y by l.S and diiiide the product by the Hme, 
in mlnutei, required to aeeomplith the drying. The reiuU vrfll be 
the number of cubic feel of air required in the drj/ing room per 

A dryet with forced circulation is more effldent than one 
with natural cireulation, Bccompllahlng the drying In about 
one-third the time required by the natunil-drart dtyer, the 
dllTerence in time depending on the height and size of the 
natural-draft veot stack and Bues, 

Tho vent flue and stack should have croie-sectlonal areas 
of .34 sq, in, for each cubic foot of the conlents of the drying 
closet. When air le admitted through holes at the base of 
the closet, the total area of the boles should be eqoal (o the 

The areas of the flues and air openings, in square Inches, 
may be found by Ihe following rule: 

Kali.— Dii'ide the number of cabic feel of atr lupplied lo Ihe 
drying dosel per minute by the velocity qf the air-current, in 
lineal feet per minute, and mnlliply bi, lU, 

Should it be desired to accomplish the drying in less time 
than i hr., a larger quantity of air and a corresponding 
increase in the mzcs of the flues and air openings would be 
necessary. The velocity in the air flues may be 600 it. per 
mln. The Telocity at the air openings of the dryer should be 
about 300 ft, per mtri. 

It has been found, hy experience, that approximately 
I lln, 11. of 1" pipe per cu. ft. of space Is usually required 
In the dryer, A more accurate method that Is suited to any 
caae arising in practice Is given In the following rule: 

Kt\t.—Ateertaiii the amount of heal, in B. T. U., lo be lup- 
plied to the dry room per hour; net/, find Ihe difference in tent- 
perature bduieen the air to be healed and the steam in the heating 
coil. Find the coefficient qf heat emiition by referring to laUe 
headed "ileai Etniitiim," and muiUply Ihii coe^cleni by Ihe 
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difference in temperature, in degree! F,, lo obtain tl\e Mat Uat 
emitfiim per iquari foot of radiaUn^ turface per hour. Then, 
the number of iguare feet of radiatinti larface requiredmay be 
/ound by dividing He k*ii amount of lieat, in B. T. f.. 
requiTed per hour bg the emisaion from 1 iq. Jl. of radiating 
tur/aee. The number of lineal feet of 1" pipe required in the coU 
map be foand 6» muUipti/tag tlie number 0/ iquare feet <if 
radioMng tur/aee by 1.9. 

To find the number of B. T. U. required 10 evapoiate the 
molBture in the wet gMHls In a dry room at a Kmper&tare of 
120°, the tnllowlng rule may be used: 

Ka\;—XuUiplj/ the number of square feet 0/ met eiaface in the 
dry room by the number of oancee of moinlure in I aq.Jt. 14 the 
■material lo be dried, divide by 16 and multiplji the quotient 
by 1.010, which is the number of B, T. V- required to evaporate 
lib. of leaier trf a lemperatare of Ittfi. 

The total emiaaion of heat per square Ibotof radiatioeaur- 
&ce pel hour for each degree difference in temperature Is 
given tn the tbUowlng tables 



Velocity of Air. 
Feet per Second. 


-"wr 




3.42 

i 



The velocity of airnhen natural draft only Is used rarely 
leaehes 8 It. per sec,, and ;t, i, or 5 ft. are Dklr averages of 
velocities under conditjona of natural circulation. 

The efficiency of laundry drying apparatus depends not 
only on the tboroughnesB with which the wet materials 
are spread out and eipoaed lo the air-currents, but also on 
the equal diatributJDn of air in the drying chamber. 
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The eSBctencies of vftrtous non-conducting pipe coverings 
now on the mukeC vary much less than is usually stated in 
idvertiEing literature. It baa been fouDd, by eiperiment. 
,hat for each material there ts a certaiD ihicknees that g1ve« 
:be best lesult. and that a further increase in thlcliness adds 
rat little (o the elBclcncy. Tberefore, data based od a 
1. tbickuesii of the non-conducting material are 



iable to be mislea 



ing. 



le appended table gives, in rouni] numbers, the approxi- 
mate percentage of heat transmitted through variouB pipe 
coverings, taking the hest loss from au uncovered pipe as 
100 per cent. Pipe coverings on the market it Bhould be 
noticed, vary considerably iu wearing quality and efflcieiicr. 



PIPE CO 


/EHINCS. 






11 

Is 


Substance. 


11 
II 


Pipe without covering 
Pipe painted with blacE 

Pi pe painted with iigbt 

drab lead paint 

Pipe ^^ painted glotay 

A sbesloe ^per,' two lay- 
ers. 1-in. hair telt, can- 
vas covered ..... 

Asbestoa paper, 4 thick- 


100 
105 
107 

as 

15 


Asbestos paper, 2 thick- 
mixed with plaster o^ 

Paris 

Asbestos and wool fell 
MagneEia, molded, ap- 
plied in plaster form 
Magnesia, as, a class.,.. 
Mineral wool, asaclass 
Rock wool, as a class.. 
Fossil meal, as a class 


7S 
30 

1 







The various kinds of pipe coverings on the market are 
usually finished with n Jacket of canvas sewed on: this Ie 
then given two coats of paint having the desired color. 
Either iron bands or. if an especially neat appearance Is 
desired, polished brass bands are usually placed over the 
jacket every 2 or 8 ft. apart. 
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HOT-WATER HEATING, 



The circulaaon in 


a. hot-watet heating eyslem Is a move- 


ment of bot watm fr 


om the boiler tc the radiators, where It 


parM with some heat, 




water from the radie 


Ltora to the holler lo bei'Ome reheated. 



Without circulallan. heal cannot be conveyed from the boiler 
lo the radtatoiB. The velocit)' of circulation depends chleSy 
on: (a) the diSereace between the mean density of the 
at and that of the returning current; (b) the 
a height of circuit above Ihe boiler; and (c) Ihe resW- 
o flo» due lo friction, change in direction, etc. The 
,1 velocity could easily be computed, but as the 
actual velocity bean no delinite ratio lo the (heoretlcal, 
the latter is of little value to Ihe practical man. 

With a given* fall of temperature, thefOrceof the circula- 
tion through radiators, etc.. depends chiefly on the height of 
the return column, being, in many cases, practically Inde- 
pendent of the height of (he supply column. Tliua, In the 
accompanying Illustration, the force of circulation ihrougli 
the radiator a will be about 3 times as great as through i. 
notwilhslanding the fact that the supply columns c and g are 
of equal height, because the return/ Is about 3 times as high 
as the return (. The temperature in Ihe pipes c and d Is sup- 
posed lo be nearly the same; consequently, the column il 
simply balances an equal height of column i-. and falls lo 
supply any force for circulation. The force for circulation In 
this circuit, therefore, depends on the preponderance of the 
water in eoverlhat contained In the riser below the level of 
the radiator at the line A A. 

A limple rirctifl is one In which the water flows directly to 
■ radiator through a single pipe withoui branches, reluming 
directly to the boiler. Each circuit of the system is then 
entirely independent of the others. 

In a conipound circuit, the water circulates In compara- 
tively large Qow mains and return mains connected b]-sinali 
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radiator branches that provide a namber of direct drcalts 



ill. 

a 



atid there is no way of maintaining » flow of water through 
them when the radiators are shut off. Thlsarrangenientof 
mains Is called an opnt cirefiit. When the hot-water main 
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wllh the return main independeat of the mdislOT 
tbe arr&nKement Is called a doted eircail. As long 
as a good flie le moinCaiued In tbe boiler, there will be an 
active circulation In the mains, and the water wUl he always 
at tbe maximum temperature, eo that any or all of the radio- 
toiB may be promptly sapplled witb hot water as soon as the 
valves are opened. 

There la quite a difference of opinion regarding tbe true 
meaning of the terms "open" and "closed" cireulte. Tbe 
terms and the meanings thereof, as adopted by us. may seem 
contrary to local usage, but tbey coincide with Ihe mean- 
ings of the same words as applied In the electrical protesrtons. 
and therefore will help la prevent confudon or mlsnnder- 
standing. 

MPINQ STSTBMS. 

OiK-Plpa, 01 Slnile-Miln, Syitam.— FIg.l shows what Is com- 
monly called the one-pipf ai/sfem, but the name Is a misnomer. 
While it ia practicable to operate a steam-heating syaf em witb 

■ J ll-, iF'ltaiae. -JIft, 



JH, _. 



a single main, and with single connections t« the radiators, 
It Is Impracticable to do so with hol-weter ayetems, because 
hot-water radiators must have two connections. The ncf 
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approach to a on&pipe sy^lfi™ of hot-water dl«tHliatlOa Is 
obtained bji connecting both the Bow aQd letum bnnchogof - 
the rudlators \a the same main, substantially as shown in . 
Fig. 1. The main Ib of uDusually large diameter, acting as a 
reservoir, bo that the movement of the water through It is 
comparatively Blow. The risers are tapped Into the top of 
the main, and the returns are connected Into the sldts or 
tiottom, as ^own In Fig, 2, so that they deHver the cooled 
water into the lower part of the main. 

In the high-presiure, oicloied.gjinlfit the temperature of the 
water may be from 212° to 40W. or even more. When there Is 
no objection lo high temperatures and the accompanying 
tUkg, it ma; b« used Instead of the low-pressure system. It 




requires strong boilers and radiators, the pressure at SSO" being 
atKiut 111 lb iiersq In bv the gauge, but the apparatus la 
much smaller than that used for low-pressure heating. The 
range of temperature at the radiators is great, sometlmea 
amounting to 150°, or more ; consequenMy, the pipes may be 
made quite small. Usually, however, Ihe range is about MP 
or 60", giving a motive force about 3 times as great as In low- 
pressiire apparatus. 

The law-pnsmrt, or open, syalem operates with a maximum 
temperature of 210° or 211°, and the range of temperature li 
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usually 2U". The area ol heating «uitltce> mint, tberetOte, be 
quite iarge. The molive force la so mia]] th«t the die Of the 
dlstribuUug pipes anil malm of eilenslTe heating BftteDU 
becomei locoDvenlently luge, the large pipea adding greatly 
to the cost of the apiarattiB. 

In a one-pipe system of hot-water heating, the mala U 
usually carried around tbe basement walla exactly aa fat 
■team heating, the return connection being made neat the 
boiler. 

Eqiillttd S|ilMn.— The diatlngulBhlag feature of thecguoJ- 
tod Aol-unter SoiMnp jjFBfcm IB that the water is compelled to 
travel exactly the aame distance In going to and Siom any 
tadlaloron a given Boor, Thus, a radiator sltoated close to 
the riser vlll have but little advantage over one on the same 
level situated a long distance away. 

Rnliluea sf Clrcslla.— The teslatance la a bend made with 
a common elbow, the ends of the pipes being left square, la 
about equal to the tricUonal resistance of a piece of straight 
pipe having a length equal to IDO tlmea Its diameter. U the 
ends of the pipes are reamed, the resistance may be reduced 
to 70 or even to flO diameters. With a long bend having a 
radius of S diameter?, the rebalance falls to about lodiamelers. 

A plain TatTers about the same resistance aa an elbow, 
and a return bend trom ]| to 2 times aa much. The gain 
made by reaming the ends of the pipe is much less In pipes of 
lante diameter than in pipes of small diameter. 

To the measured or aclual length of any circuit should be 
added a length of pipe having a resistance equivalent to that 
ofall thellttlDgs. Forexample. in acircult having an aclual 
length of SOO ft., there are » elbows and 12 T's. Allowing 
70 dlamefera tor each elbow and T, the length to be added to 
the actual length of circuit to repreEient the resistance of the 
fittings, would be <B + 12) X ?D ^ 1,401) tlmea the diameter of 
the pipe. In the case of a 4" pipe this would equal «7 ft., 
making the computed length 300 + 487 = 767 ft. 

The actual length of a circuit is a] ways understood to be 
the actual distance traveled by the water in going ftom and 
returning to the boiler. 
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Vi'hea the water flawa through pipe eolls, (he actual dis- 
tance traveled must be ascertained aud IncJuded in the esti- 
mate of length of the circuit, and foil allowance must be 
made for each retarn bend. It is found by experience that 
the ordinary Sow and return connections from a radiator to 
the riseraormainB having an aggregate length of about 10 ft., 
and Including Ci ordinary elbows or tbeir equiTalenCs, will 
present about the same resistance to the flow of water at a 
plain, straight ptpe 100 ft. long. Therefore, in computing (he 
frictiou inacircuit,aliootlOO ft. should be added to the acttml 
length fOr each ordinary radiator connection. 

For general parposes It la assumed that the water will 
cool20°inpasSng through the radiators, and will thus emit 
20 B. T. U. per lb., or 16fi.7 B. T. U. per Winchester gal. 
(231 ou. In.). 



The sizes of pipes should be governed by the amount ot 
radiating surface to be supplied, Ibe height of the radiators 
atxive the boiler, and the nnmber ot changes In the direction 
of the seyeral currents. It isconsidered safe practice to allow 
from 50 to 100 sq. ft. of direct radiation for each square Inch 
of cross-section in the pipe. If the pipes are short, straight, 
and high, 1 to lOO would be allowed; if long, crooked, or low. 
1 to 50 or more, according to the condlUone. 

In proportioning single-main, or one-pipe, systems satis- 
bctory results will be obtained when the diameter of the 
flow and return mains Is not less than .16 times the square 
root of Che radiation supplied. 

To determine the amount of radiating surface necessary to 
easily warm a building in all kinds of weather, and to pro- 
portion it so that each room will have the required tempcia- 

careful consideration. No rules that will be applicable toall 
cases can be given, butfor ordinary bulldlngfi having the 
average wall and glass exposures, the foUowl ng table Is fouiid. 
Id practice, to give good results, when used with jndgment 
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^TIO OF HOT-WATCH RADIATING SURPAOK T 
VOLUMB OP ROOM. 

DiKECT Radiation. Average Tehtebatctbe in 
Radiatobb. 160° F, ' 



Name of Room. 


Ratio. 

'ASS. 










8ieepfti™ms "^ ™" .■.■.■.:.:;.■......■ 


^SS 


Factories and stores 


8(WTO 



Foi diieot-lD direct radiation allow at least 25 pei cent, 
extra. For indirect radiation allow 50 per cent extra. 

Due allowance must be made for leakages through loose 
doors, windows, etc. 



Direct B 


.diau>r. 




Indirect Rt 




First Floor. 


Second Floor. 




Surface. 


Size. 


Surface. 

XT 


^SUe.^ 


Surface. 


iS.. 


IB- 40 
40-70 
TO-120 


1 

It 


54-94 
94-160 


i 
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0-24 
50- SO 


11 
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SIM Of pipe. Id 


Dche. 


i 


« 


u 


I^ 


a 


21 


Area, in square 




IS 


70 


120 


a» 









For Indirect hot-water healing, the sectional area of the 
malna should approiimale the sum of the area of the 
branches taken therefrom, but where there is no Indirect 
H'orb, the sliei may be less. 

All flttlDgs used on hot-water mains should bare easr 
curves and the branches should be 1's. to reduce resistance 
to a mlntmum. Special distributlns fltlings should be used 
to Induce circulation through radiators on the first Qoor. 

1" will supply tivo I". 

11" will supply two 1"; or one 1" and two i". 

H" will supply two 11"; or one li" and two 1". 

2" will supply two 1("; or one 11" and two IJ". 

21" will supply two 11" and one U"; or one 2" and one H". 

3" will supply one 21" and one 2"; or two 2" and one IJ". 

St" will supply two 21": or one 3" and one 2"; or three 2". 

4" will supply one SI" and one 2i"; or two 3"; or four 2". 

41" will supply one 31" and one 3"; or one 4" and one 21". 

S" will supply one 4" and one 3"; or one ik" and one 21". 



All pipes m 
pitch of at least 1 in. in 10 ft. 

The expansion -tank capacity should 
twentieth that of the entire apparatus. If 
Closed tanks are not recommended. 
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Floor on Which Radiator Is Located. 
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2«0 






732 




M2 
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1,238 









The manDer of determining the proper dzea of tie various 
parts of a hot-water piping system, by meanEOf the foregoing 
tables, may be explained by meanE of the aceompapylng 
Illustration, wliieli shows the area of heating surface of 
each radiator, the height of the various risers, and tbe 
length of the horizontal branches and mains. Tbe figures 
having the Eymbol □ attached to them, Ihuai 60 a, indicate 
the area. In square feet, of the radiator at that branch. The 
risers are numbered No. l. No. i. etc. for conyenience in 

Having a suitable vorltlng drawing, tbe work of com- 
puting the diameters of pipes should begin at the point 
most remote from the boiler, which, in this ease, is the 
radiator ou the fourth Soar on riser No. k. 

The riser must supply water sufBcient for 60 sq. tt. o( 
heating surface at that point. Referring Vi the last table 
given, it appears that a li" pipe will serve a roaiimum of 
V& sq. ft. on the (burth Boor; in order to reduce as much 
as possible the tWctional resistance to the flow of water a 
li'' pipe therefore should be used. 
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The pip« leading from Qie necoad to the third Booi most 
supply the eCK radiator on the fourth floor and also th< 
6S' rai31ator on the third floor— a tolal of 12S sq. ft. The 
table Bbows that a If pipe should be Qsed to BiippiT ISe ft. 
of radiation on the third floor, the next onaller size being a 
trifle too Bmall. 

The rlsei ftom the main to the second floor must supply 
three radiators, aggregating 210 sq. ft. The table shows th&t 
2" pipe la B Utile larger than Is oecessarf ; but It should be 
noted that there are elbows at the foot of these pipes; tbeK- 
fbce. It is wise to use pipe of 2|" dlAmetec. 




The sizes of the other risers should be determined In a 
similar manner. The horiioutal lines may then be coQ- 
ildered. That portion of the main extending ftom No. U 
riser to the connections to No. d must Bupply a flrBt-story 
radiator in addition to No. 4 riser. Hggregatlng S12 sq. ft. 
The length Of the flow pipe is 100 ft., which, added to the 
same length of return pipe, makes a circuit of 200 ft. Refer, 
ring to the table of sizes of mains. It appears that 312 sq. ft. of 
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Borfaoe, on a aW circuit, requires a S" pipe. This tdze Is a 
little larger than that actually cequired, and will compen- 
sate for the elbows at b. 

At the point e another cireuit is atlaohed, No. s, which 
Buppliea 240 sq. ft. of heating surface, making the total sur- 
face to be supplied at Uiat potut 240 + 312 = E62 sq, ft. The 
distance between the points c and d is 75 ft., maMng the cir- 
cuit 150 ft long. The table, "Sizes of Mains," shows that 552 
sq. ft. of surface, on a aOff circuit, will require a Si" pipe. The 
return may be coullnued la the bollei witb that size, but 
the Sow main should be enlarged to 4 In, at ti to provide for 
the radiator at e. Although the length of the couneetiona 
to this radiator is much greater than is ordinarily found in 
practice, the radiator Is comparatively close to the boiler, 
the branch connection is taken from the top of the main, 
and hence a If pipe Is sufficiently large to supply it. 

It will be noted that this radiator is also provided with an 
Independent return connection, as shown at /. This con- 
atruction Insures a more positive and rapid circulation 
than If the return were connected into the return main 
at d. If the radiator were located close to the mains, there 
would be no considerable advantage In providing It with 
an independent return. 

The' circulation in circuit No. S would probably be 
improved by providing the return pipe g with an Inde- 
pendent connection lo the boiler, instead of connecting it 
to the return main, aa shown In the illustration. 

The radiator A, on circuit No. t. hae long conneclione. 
As Indicated further on, a given size of pipe will supply L72 
times as much radiating surface on the third floor as on the 
first; hence, this radiator corresponds to one on the first 
floor having 48 -;- 1.72 = a sq. it. of surface. The pre- 
ceding table shows that 1" pipes will be sufficiently large to 
furnish an adequate supply of hot water to the radiator. 

The horizontal pipes on the upper Qoors of a building, and 
also the risers leading thereto, may he made smaller Id 
diameter than those on the lower Qoors, because the (brce 
that Impels the water Increases with the height of the cir- 
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cults. The proper size of a pipe having been deteimiiied 
foraslvea seivlce on the flmt floor, [he diamelei for equal 
aervlce on higher floors— the temperatures remalDlns the 
game— may be found by multiplying by the following Jac tort: 

Story Zd M 4lh 6lh 

Factor... 87 .80 .76 .73 

The area of beating mrfiine that maybe nipplied by a 
pipe of giTen diameter will Inerease a> the circuit Is mtide 
blgher. If the area linonn lo be right for a glren eim of 
pipe on the first floor. Is taken as 1, the areas on the upper 



a heating surface 1.41 1.72 1.98 2.24 1 



BLOWER SYSTEMS OF HEATING. 

PURPOSE, ADVANTAOE9. ANO •tEOUIREMeNTS. 

Blower systems are used for sentilaHng as well as warm- 
ing buildiugBb; fon^l^g or by inducing a flow of alrtbrough 
Uiem by means of fatia The terms forad blati and hoi bUat 
are ftequently applied to such systems to distinguish them 
trom natural, or gravity, metbods of heating and Tentilating 
buildings. Properly speaking, the term forced blast should 
be applied only to blower system* of the plenum or pressure 
type, in order to distinguish these trom induced blast or 
exhaust systems. Strictly speaking, blower systems are those 
In which the air for wanning and ventilation Is supplied by 
cased fans or blowers. 

Among the principal advautagesin the use of the blower, 
or mechanical, systems of heating and ventilating are ttie 
(bllowing: Positive circulation of fresh air at a desired tem- 
perature, any and all parts of the building being warmed 
with like certainty: perfect ventilation, regardless of temper- 
ature'; and po^tive movement of the healed air through the 
ducts and flues at a pressure independent of atmospberlc 
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The flrat lequiiemeot of instaltatioii Ib that tbe blower, a,t 
a, predelennined apeed, aa fl»ed by the apecifloitioua under 
which ihe apparalus la IneUilled. Ehall b« niffidently large 
to deliver the glreo quantity of air through the registers. 
Second, the heater outalde or beyatid the blower should have 
an eicees of clearance area over tbe urea of the fan Inlet. 
Third, under ordinary conditiona the heater ahonld not be 
less than 20 colla iu depth to maintain a temperatuie of 70° 
inside the building with zero weatber outside. Fourth, tbe 
area of dlecbarge from the bases of the coils should be 
approilmately that of the aleam-aupply connections when 
woiklng at very low or atmospbeTlc pressure. Fifth, main 
and branch ducts should be so proportioned as to produce a 
UDiform flow of air and reduce frictlonal resistance to a 
minimum. Sixth, metal ducts should be covered with some 
fonnof nonsmnductlng material, especially where the deliv- 
ery ducts are long. 

In designing a blower system of heating and Tentilatlon, 
it Is considered good practice Co provide for a mailmom 
supply of air under the most uofavorable conditions liliely to 
arise. In bot-blast heating, more failures result from lack of 
space around and between the pipes of the beater Iban from 
any other cause: lack of sutDclent arcs there greatly reduces 
tbe amount of air that the fan is capable of delivering. 



Tti* Plnum SyitaiD.— The plenum system Ukes its name 
ftom the fact that the pressure of the air within the building 
is greater than that of the outer atmosphere. The blower 
forces air lulo the rooms In greater volume than it la removed 
by the ventilating flues, the balance leaking out around 
windows and doors. This tends to check tbe iu'leakage of 
cold air. 

Tbe beating apparatus employed In conjunction with a 
fan may be of any desirable type, that is, either steam, hoi 
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Buildings are commonly venUlRted on the plenum sretem 
in the manner indicated In (he BCCompanying illustration. 
A fan a, placed in wbat ia uauall; called (he Tan room, In the 
basement of the building, takes Its supply of fresh air from 
the ou(er atmosphere through a ulre-screen window t> in the 
fresB-ait Inlet room c. The fan wheel ia revolted by a email 
Teitlcal engine t. coiinec(ed to (he shaft of the fan wheel. The 
thn vrheel, when In motion, forces fresh air into the main 
ducts. eltbeT through and between Che suifbce of a uteam- 



air ill d, then, ia warm, and that lii / is cold. Hot and cold 
branches ft and j are taken from the main ducts and join the 
base of a vertical flue i, bnllt in the wall; a mixing damper 
is placed at the point k to allow mixing the hot and cold air, 
U) obtain the proper temperature without aifectiiig the vol- 
ume of air discharged. Each room to be Tcntllatcd is fur- 
nished with an outlet orient flue i', wbJcb passes out through 
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Ik* Eikiuit « Vicuun Sritsm.— The vacuam aratem takea 
Its name from the fact that Che air presanre within the buiJd- 
lDgis)Jighllf less (ban thai of tbe outer atmosphere, because 
the fail removes air Smia the rooms aod blows it to the outer 
atmokphete. Air may be moved and distributed by the 
eihauat or vacuum system with tbe same facility as by the 
plenum system; but the Inward leakage of cold air tbat 
takes place ihrougb every bole and crevice In tbe walls, and 
around every loose-fllting window, produces cold dntds In 

.11 ordlDajT 

4cm with a. 

pressure or plenum syslem la not to be recommended. Tbe 
combination does not aiTord any decided advantage, and 
there are i>everal substantia objections to it. Tbe cost for 
flues, fans, power, motors, inslallallon, and attendance Is 
greater than in a single pressure system of equal aggregate 
capacity. For very large plants, however, a combloation ol 
tbe pressure and exhaust system is somcUmes centered 



t OF APPAnATU& 

>B,— ^Vith reference to the element of 
beating alone there are three methods of Installing blower 
systems; Hrst, so that a constant volume of air is warmed by 
healing surface massed in a healer close to the Ian, tbe air 
being distributed by a stnKle- or double-duct system; second, 
BO tbat the air is warmed or reheated, as the case may be, 
by scparale radiating surfaces, arranged, as for indirecl 
heating, at the base of the flues, a single duct serving to 
convey the fresh air from the fan to tbe beating surface; 
(bird, so that tempered alral from 70° to 7S° is forced through 
a single-duct system into the rooms, where suQideut direct 
radiation is placed 1o give ihe required temperature and to 
provide against entire absence of heat in ca«e of accident to 
the fan or main heater. Considered with reference to the 
method of distributing the warmed air, blower systems may 
be divided into two classes, viz., single-duet systems and 
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HJhCipogIc 
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double-duel Bystems. With tlie former, the nilitureof hot 
and ooM currents of air lakes place close lo the fan, 
ivbereas with the Utter, the bot and cold air are cntrlcd in 
separale ducts to the base of the Sues In which the mlxlDg 

Sin|l>-Duct Syatam.— One of the methods of ananglng the 
apparatus for use In connectioD with a sicgle-duct eystem of 
distribution is illUBtraled in perspective In Fig. 1. The 
three-quarter housing steel-plale fan a, driven by the hori- 



zonlal steam engine h. delivers air through its lefl-band, top, 
horlioQtal discharge outlet into the brick receiving chamber 
in which, on a raised platform, Iq mounted a duplex heater cc', 
over and between the pipes of which the air Is forced by the 
fan to the ducts beyond. Beneath the heater Is arranged ■ 
by-pass controlled by the damper d. operated by the hand 
crank e outside the plenum chamber. The partition/ serves 
lo separate the heated afr from the cold air by-passed under 
the healer, while the partition g serves to form one side Ot 
the chamber In which the motors A, h that operate the miziug 
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dampen t.i kk mouDted on the wall, u BhoiTD. Tbe hot 
and cold air ore mixed Id an enlaixement j of the doclB, the 
temperature or the air supplied to the roiioua nnmg beloK 
controlled by thermoataU. In accordance nith the operation 
of which the mixing dampere are actuated br their motors. 
The miied air la distributed by alngle galvanized-tron ducts 
axrai>ged. for instance, aa shown in Fig. 2. where the (an a is 
placed within a sheet-metal, rresh-airroom or chamber, draw' 
ing Its supply of fresh air over a duplex tempertne coil 6 and 
thence forclog it oier a duplex main heater c. ef into the 
plenum chamber d, from which separate single ducts e, e lead 
to the various rooms. By means of doors in the metal casings, 
aeoesB is had to the main heaters, which arc arrangeil Bide b? 
aide In the same plane. 

Ddibla-Dact Siritaiii.— A common arrangement of apparatus 
toe the douhle-duct system of distribution Is composed of a 
blower driven by an upright engine, and forcing the ale 
through a top hortioiital discharge outlet between theplpea 
of the beater and theuce to tbe main galranlzed-lron air 
duets. A portion of the cold freah air Is uenally by-passed 
over the top of the heater into the cold-air duct. The quan- 
tity of air delivered to the cold-air duct depends on the 
position of tlie befBe-plate damper. Both ducts are carried 
to the base of the vertical fines, where Che mixing takes place. 

Ralitiv* PoillloB of F«n ind H«*t<i.— The relative position of 
fan and heater determines whether the apparatus is of what 
is known as the M(mi-WroiisAordraw-(Ar(»(7ft type, the adop- 
tion of either arrangement being dependent on the epoce 
on the size of 
le designer. 

Jkmaunt of Ulr R««ul>«il.— The amount of air commonly sup. 
plied to each occupant. In various types of buildings, la given 
in the accompanying table. Some stales, notably Massa- 
chusetts, have passed laws relating to the ventilation of 
school buildings and providing for a minimum per capita 
supply per minute in such buildings. 
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AIHSUPPLTPORDI 


FKnBNTCLAS3K8 0F«UII.DINOa. 


Class Of Building. 


Cubic Feet per 


occupant. 




4,00O-6,€Q() 
1,000-1,200 








HallB^j^-^ 


25-30 


^""^'^ 


30-40 






The Masaachusells laiv demanding. In schools, a 
ply of ?0 cu. it, per occupant per nun. may readily b 
TUl3 voluuie baa become Ihc commonly accepted allowance 
for s"ch buildings in communities where the importance of 
venlilation is properly appreciated. The per capita space 111 
churthes is genentlly 300 cu. ft. or more. Schools have about 
200 cu. fl., and ordinary halls frequently have only 100 CU. fl.. 



To secure the air supply stated in tt 
halls having 100 cu. ft, of apace per oci 
once in about 5min. would be necesse 
allowance per capita to churches woi 



preceding table li 



I give a l^-min. air 

T««ip«ritijr«ef*lr Supply.— In factories and buildings where 
heating and not ventilation is the main item, the air is com- 
monly changed every Ifl fo 20 min., the inlet teraperature 
being roughly 130° to 140°. In ordinary schools, with a fte- 
i|\icnt alrchange, sayevety6or8mln., the room may be kept 
at 70°, with a temperature at Inlet of less than 100°, even in 
severe weather. The heat given off by the occupants of a 
room has a decided eifect on the temperature, go much, in 

frequently be admitted !P or 10° lower than the lemperattne 
at which It Is desired to keep the room. 

In delermlniug the proper tempeiature of the air supply. 



BEATIHa AND VENTILATION. 



SIS 



it be given ta Ihe &ct tbat sn adnlt glvei 
off per hour about «0 B. T. U.; a gu burner about 4,000 
B. T. v.; an Incandeacent electric ligbt about 1.600 B. T. U, 
TheanlmBl heal production of 
90 persons Is therefore, approx- 
Imalely. equlTaleut to 1 boiler 
H. P. 



tl<Ais soasloaupplybrHncbesor 
independent air flues is shown 
in Ftg. 1. If the partttlons 
A and B uere absent. Ihe 
greater part of the curreul 
would l^onl:in^e Itti motion 
nntll It was deflected bj the '■'"■ '' 

side C. In that case, the flue D would receive a. larger pro- 
portion of the cnirent than either of the olliera, and the sup- 
ply to the flue F would be qult« insafllclent 
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^ I'U 
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t". 1 




tt 






l^-n-J 




ftfl^ 




^TiT^rr* 
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y**! 






9' 'I 



ria. 2. 
The shoulders a. a against nlilch the air Impinges ought 
tot>e beveled oif. Instead of being left square, as in the figure. 
A proper supply of air to each lliie may be Insured by adjust- 
ing the partitlong A and B In such a manner that they will 



216 BEATING AND VENTILATION. 

iDteroept tbe dedred propontons of the nula cortcnt before 
any change is made in its dlrectimi. 

Fig. 2 shows the propet method of splitting DP a mainaiiv 

current into eeveral GmaJler otiea. and of subdividing these 
so aa t« supply a lai^ niunber of rertical duels. This tllus- 
tratlon shows a centrifugal fan a set In a fan room that is 
fanned by air-tight partitions p. p. The fan wheel Is driven 
hy a bell from the engine >t. The air supply to the fan is 
taken Id through the windowe, ax shown.' 

The bin forces tbe air into the main ductc, where it is 
split into three cunenteci. d, and (i|. Tbeeorrentd rapi^eB 
two vertical fluesf and/; d, supplies g and ft. The current Ci 
Is then split Into two unequal currents d, and d,; the latter 
supplies the Quea I and m. while tbe former supplies the 
flues i. J, and t. 



Cipscity of Disk Fini.— The fan oapacitiea given in maii- 
ulucturere catalogues may be attainable where fans are 
delivering Aeely, with no residtance due to tbe passage of air 
through duels, registers, or heaters, or caused by wind pres- 

generally be reduced at least aO per cent, when tbe fans are 
counei'tfd with hentera and duels; under ibis condiUon tbe 
caialogMC horsepower must be about doubled. 

Tbe resiills of tests made on three nell-known propeller 
type ran», each arranged to discharge through a pipe 90 in. 
long and of the same diameter as the flin. showed that 
f'^,951fi K, where V = volume in cii. ft. per min., D = fan 
diameter in ft.. R = revolutions per min. This formula is 
based on free delivery, but when a dis-k fan is used lo force 
air through a syelem of duets, or through a heater, the 
formula used in computing (be table "Approximate Air 
Delivery of Disk Fans" should be used, Tbls formula ie 
V= .6iyR 
The letters have tbe same meaning as In the previous 
formula. Tbe horsepower given In tlie table is snfHcieni 
under the working conditions there slated. 
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APMIOXIMATK AIR Ol 


LIVBRT OF 


SK FANS. 


I>tameler 
Feet.' 


per MlQule 

Against Ordi- 

i^ Reaigt- 

aiiceof 


p«r Ulrnite 
With l.OOtt Feet 

Velocity in 
Duct Equal to 
Area 0? Fan. 


to Drive Fan 

ConditioEu 
suited in 
Columns 


f 
5' 


S 

371 
KM 

2K! 
218 


laio 
USTO 


3-t 

5-e 

9-7i 



A velocltr of 1,000 n. per mln in a duct of tbe size of tti» 
iBxi should be considered a maiimum in beating and venti- 
lating work when using disk or propeller fans, Tbe delivery 
Ibr speeds not given in the table will l>e proportional tu the 
revolutions per minute. 

Ca|>iolty of Ctnt Fain.— The capadtleeof cone famtliatare 
gCven in the appended lable are safe Ones to figure on under 
ordinary working conililions with fans drawing air through 
heaters and forcing it through ducts and Sues. Under favor- 
able conditions, (bus of thts type will deliver at least 10 per 
cent, more air than is stated in the table. The maximum 
number ofrevolutlons at which it Is cuelomary t« run such 
Iknain con necttoQ with heating and ventilating systems is 
nicb aa CO secure a peripheral speed of about 4,500ft. per min. 
A tip speed of 3,700 ft. per mill, is a, fair average. Many 
engineers (ivor the Brig^s type of cone fan encased i n a steel 
plate bousing, using two fans iwt back ta back, with a plate 
of IroD between, taking in air on both sides of the casing. 
The principal objection to this style of fan Is its expensive 
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Faa. Feet. 


per Minute. 


S& 


Inches of 


i 


i50-,'i00 
200-100 

140^2S) 
83-]e7 


iiiiiii 


'.Zltol 


1 



Rtqulrad ts Dnn Cona Ftnt.— The following table 
e uppTOiimate horsepower of molors requited to 
e fans at Elated speeds. The efficiency of the [an Is 
10 per cent.; efflotency of motor, SO percent. 





REQUIRED 1 


O DKIVB CON 


■ FAN3. 


?rxi' 


Revolutions 
per Minute. 


Apprpiimale 
Motor 


Standard Sire 


w 


^ 


j 

li 
2* 


V5 


1 

20 



The horsepower required at other speeds than Ihose 
stated will be proportional to the cube of the speeds. The 
horsepower in the blast, which is the basis of this table, was 
computed [or an area Just within the capacity of the Ikn, that 
ta the maximum area of opening through which the ftin will 
discbarge air at a velocity corresponding to the speed of the 
tips of the blades. 

I^perly designed motors of the medium and larger sltei 
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ihonld give over 80 pet cent. efBclency. The spproilmate 
horMpower mill therefore be leaa [haD sUled !□ column 3. 
For example, a motor with SG per cent, efficiency need b« 
only 11. or about M pet cent, of approximate Ijorsepower 

Cipioit)! «f CgntrKuiil Fini.— The capacity of centrHUgal 
Tans under usual working condltioiis. eipresaed [□ cubic feet 
of air delivered, may be obtained approximately tiy multi- 
plying the cube of the diameter of (he taa wheel, in feet, by 
the number of revolutions, and by a coefficient having a 
value, depetidlug on (he back pressure, of ftom .4. with ». 
l-oi, beck pressure, to .fl for single-inlet fane under free dls- 
Charice, a coefficient of .5 being used with aback pressure of 
1 In. of water column. 

The approximate capacities o( bloivera under ordinary 
working condltiona in connection with heaters and distribu- 
ting ducts, and the approximate indicated horsepower of 
engines, or nominal horsepower of motors, to drive them are 
given in the following table: 
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5,»00 3.4 
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il 


290 


im 


3.0 
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ftOOO, 4.3 
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360 


iS; a 
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II.IIH 
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12,000' 6,2 


820 


13,500 7.7 
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34,000 16.4 


200 


36.000 20.0 
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«0,IXIO 29.2 


140 


66,000 


38.* 
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The speeds given in the table, "Capadtf of Centdftigal 
Falls," cover the range ordlnaiil; used in beating and veuti- 
latlng work. Tbe velocities through properly proportioned 
fan outlels are approiimalels' 1.830. 2,030, and 2.2S0 ft. per 
min. foi tbe several columns in the order B[al«d. 

The horsepowers are based on eflicteneles of 40 pet cent, 
tor the fane and 80 per cent, for the moWra. With motors of 
higher elhciency, the horsepower will be lower than etated 
in the table: (hat is, a motor of S3 per cent, efflclenoj' need 
be only (!, or about 90 per cent, of the horsepower given. An 
inspection of the table will siiaw the economy of power 
gained by ninningfansat relatively low speeds; for example, 
to deliver 28,000 eu.n. of atr per mi ii.aS' fan at 240 rev. may be 
used, requiring 16.] U.P. Column four shows t^atSO.OOOcu. ft. 
may be delivered by a T fan at ITO rev. with a conaumpUon 
of only 11.8 H. P. The ditference in cost between the two 
tizea would not be great and would soon be made up by the 

than the speeds stated in the third column. 

The tVee-d ell very capacity of cased centrifugal &ns having 
wheels whose width at the blade (ip is one-half their diameter, 
may be found, approximately, by multiplying the coefficient 
.001)303 by the product obtained by multiplying the cubeofUie 
fiin-wheel diameter, in inches, by the number of revolutloDi 
per minute, Expre-^sed as a formula, in which 
C= capacity, in cubic feet pec minute; 
D = diameter of tan wheel. In Inches; 

we have C= .000303 i*" Ji. from which it is evident that 



for fan wheels of 
a table or factors 
made up lYom a table published by Mr. M, C. Huyett, it 
presented here. To obtain the capacity of centrifugal cased 
fans by tbe aid of this table, mulUply the tabulated factor 
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coneqiondiiig to the dlHmeler and nldCIi or [kn wbeel, in 
inches, b; tlie number or rerolutloDS o[ the ttin per mluute. 
The product will be the free-delivery capadtf of the fen. in 
cubic feet per minute. Thus, a Ion lODln. dia. andSSln, wide, 
at !») rer. per min. will detlvei 230X 150 - U.SOO cu. n. of all 
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TiBLK— ( Caaknued). 



,n encased fan, or blower, mey bi 



—The poner requited 
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plying Che sqiure of the dliunetcr, or the eqiuire Incbea of 
blast »rei. aa the Case may require, by the accompanyim 
facloiB, In wblch W is the width of blade and D the dlam- 

Sdaetiin of f»tn.— While the capacity of an encaaed bn 
varies directly with [ts upeed. the power required varies as 
the cube of the speed: hence, as a rule, It will be found prefer- 
able to use a comparatively large (^d and run it at n mod- 

ThlB is particularly true where t\it motive power Is elec- 
tricity, gas. or water, but, in the case ofan engine-driven ten, 
does not amount to much when the exhaust steam is utilized 
In heating the air. There are. however, other reasons why a 
large &n is prererable, particularly in public buildings and 
schools, as a lower speed may be maintained to move the 
same volume of air, thus reducing the vibration to a mini- 
mum. In mill work, where the hum of other machinery 
makes the vibration of the ten inaudible. It Is customary la 
use comparatively smalt fans, producing high velocities. 
Should it be found preferable to uses type different from the 
ordinary encased fail, there are two alternatives^ Ihe disk, or 
propeller, fan and the cone fan. The ibrmer may be reUed 
OQ under certain conditions, but when used in connecUon 
with a ventilating system, blowing all through pipes and 
over heating coils. It Is not able to deliver air against any 
appreciable resislanoe. In selecting eenirifugal fans, small 
wheels operated at high speed should he avoided. Large 
wheels waste less power and have Ihe advantage of pos- 
sessing a large rewrve capacity, that may be brought into 
use by increasing the speed. 

EHoitncy of Fano.— The efhcieiicy of a fan is obtained by 
dividing the power supplied by that nsettally employed In 
moving the air. The efflrionoy varies with the pressure 
against which the fan works, the highest efficiency com- 
monly being found under a bock pressure of about I oz. 
Under ordinary working oonditlona an efflclency of fiO per 
cent. Is as high as can be expected. ITie extreme iimll of 
possible efficiency Is about 75 per cent 
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CiiKaniitlsii In Heittit.—Tlie ai 
In hot-blast hcatera varleB ivltb the Telocity of the air and 
the number of eoila over which the ale passes. The deeper 
the beater Is, Che higher will be the temperature of the ali 
and the lew the condensation per square foot; aleo. the 
higher the velocity of the air poraliig through the beater, the 
greater will be (he amount of condensation. 

Under the condllioiia usuall.T obtaining in practice, with 
au outside temperature of 20°, it would be necefeary to make 
provision for about H lb, or water of coiidentatlon per sq. R. 
of Bur&ee perhr. 

It has been found, in practice, that as condenratlOD lakes 
place more rapidly on the first section of the heater, there 
is a tendency toward such a reduction of pressure therelu as 

Hrst section by the greater steam pressure In the others. To 
obviate this dlfliculty. It has Iteqnenlly been found necessary 
10 lucrease the area or the steam Inlet openings to the first 
section, or, In some cases, to make the first section entirely 
Independent of the others. 

VtiM of H«it<nt Smfice.— The first section of a hot-blast 
heater does about tO per cent, of the iiork; the second, about 
^ per cent,; the third, about 15; the fourth, about 10; the 

Beyond this, the incrcese in temperature is slight. Theaver- 
age value of the heating surface for a velocity of GOD feet 
through coils, when one section Is used. Is about Si B. T. U. 
per degree dlliereiice betiveen the steam in ihe pipes and the 
incoming air, dropping to 7.8 B, T. U, with the addition of a 
second section; (1,0 B,T.U.,forthe addition of nthtrd; 6B.T.U., 
for the addition of a fourth; and 6.5 B, T. U„ for the addi- 
tion of a fifth section: after which (he heat emitted remains 
constant at alwuC the last-named amount. Thus, with a 
heater having four sections, with an air velocity of 600 n. 
through the heater, with steam at 21S°, and air at 10°, a 
diffcrenee of 205°, we would have 205X6 - 1.230 B, T. U. 
iwr br. per Sij, ft. of pipe surface. 
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H«>l«n Duule up of plp«a properly unrnged will slve. 
rouRhly. l.fioa lo 2,eiGI> B. T. U. p«r hr. per sq. ft. or surrace 
durlug lero weather, according to the steam pretnure, the 
arraDgement of the plpei, and the veloettj' of the air flawing 



per square fnot of besttng surface per degree dift^rence 1 
temperature betweeo thai of (be sleam and air entering tb 
hot-blaat heater la given In the lOUowlDg table: 
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Heaters made up o( ordinary csat-ln 



win lit 



nuch m 



.nbalf thehi 
e that is 



tper 



Ime. surface in regular I" pipe beat«re: 
rs for ordinary work should lie rated to 
give off 1,001) to l.fiOO B. T. U. per sq, ft. per hr., aecordlng 
to the steam presaire and velocity of the air flowing between 
the secUoiis. 

Sl» of Haitar Co«psr«4 Wltk Olrnt RsAlstlii Sirfwa ll*4ulr*d. 
A healer used in connection with a fan thai tskea its air 
supply from inside the building should give off 1,9)0 lo 
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l.SOO B. T. U, per sq. ft. of heating BurTace per br. Thla ii ■ 
clieap way to heat large mills and faCtorteH. 

Sli) of H««Ufi.— In an; BjBtem, to mainlain cooms at 
(he Btan<laTd lempeiature of 70°. tbere must be supplied an 
amount of heat Eufficient to atbel Che tranamleann losses 
through tbe outside walls, windows, and roof, plus the acci- 
dentnl leakage, aad outflow of air through the vent Sues. 

To compute heat tosses and size of beaters, il iscooveulent. 
and sii fllciently accurate for ardinarj- work, to consider 1 sq . ft. 
of glass surface as equivalent In heal-trsnsmittliig power 
to 4 ei). ft, of wall. Reduce the ciposed wall and glass sur- 
face to equivalent glass surface by dividing the wall surface 
by 4 and add to this tbe actual glass surface. Compute the 
equivalent glass surltice ( E, Q. S, ) of each wall in this luanaer, 
then multiply by the following factors to compensate fbr the 
eft^ctof winds: nortb, 1.2S; south, ISA; east. 1.15; nest 1.25. 
Add [o this the E. G, S, ofroof, which Is approximately equal 
lo one-tenlh of the roof area, and multiply the total E. Q. 3. 
by ^, the latter number representing the number of B. T. U. 
transmitted per hour per square foot of glass with a tempei^ 
ature of 70° iuside and zero outside. The product Is the 

When the air supply Is taken from Che outside, the leakage 
of air <r^>m (he building Is commonly assumed lo be equal to 
the air supply, the accidental leakage or Ingress of air due 
Co winds having been allowed for by the factors used In 
connection with the eiposure. 

With an inside temperature of 70° in zero weather, each 
cubic foot of air escaping fl-om tbc building carries irltli It 
about U B, T. U. The volume escaping per bour, malUidled 
by 11, gives the heat loss by leakage. Adding the losses of 
heat by transmission and by leakage gives the total, which. 
divided by tbe best emitted per square foot of beating surface, 
gives the size of the heater required. 

It has ticcn found. In practice, that with a steam pressure 
of, say. 80 lb. and air taken from outdoors, factories may be 
warmed successtully with heaters based on 1 lin. II. of I" pipe 
"■ every 125 lo 160 cu. ft, of space. 
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ir the >ir la used over kdA ova. I. e., hu iDlemal clt- 
culaOon onlj, ratios of 1 to every 160 U> 176 ou. ft. of space, 
according w the condlUoiu. may be used. Even greater 
ratios are pennisaible with very large buildings. 

Heaters will tiolcoudenie more than two-tblTds as much 
exhaust a« live steam; this face mnit be borne In mind. 

In churchea, where the heating Is liilermlltent and the air 
change more frequent than in manufHctuHng buildings, aD 
allowance of 1 Uu.'lt, of I" pipe to every GO to 91) cu. R. of 
space represents common practice. 

in schools heated entirety by the blower system, each 
standard 50-papl] room of about 1l,U0i) cu. H. of apace should 
have at least 300 ft. of I" pipe provided in the beater, giving 
a ratio of about 1 io40. The large aUowaneefor schoolrooms 

looked in proportioning healers. 

The free urea between the heater pipes should be 50 per 
cent, greater than that of the fan outlet to insure a maiimum 
Telocity of 1,500 to l.SOO ft per min. 

When the total B.T. L'. required is approximately lUOllmea 
the volume of air. In cubic feet per minute, as Is frequently 
the case, a short method of determining the size of the heater 
required Is to divide the volume of air per minute by 15 for 
low-pcesEare steam, or by 23 for steam at »l lb. 

For heating and ventilating schools, churches, and public 
buildings, an area between the pipes that will permltanalr 
velocity of from 000 to 1,200 ft. per min, will be found satis. 
factory. In factory heating an all- velocity of from 1,5U0 to 
l.SOO ft. per min. is not excessive. 

SIh* sf tttiin f Ipat ts Sapply Hutstt,— Since the water of 
condensation from heaters is generally trapped to a receiver 
and not returned directly to the tiotler, a considerable drop 
In the pressure of the steam in pairing through the supply 
pipe may be assumed, and on that account the pipe may be 
made much smaller than would be necessary with a gravity 
return to the boiler. When tne healer is within lOO ft. of 
the boiler, the pipe sAtet are given in the table beaded 
'■Trap-Discharge Hpes for Healeta" 
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Lineal Feet ofl" Pipe 


sue of 
Steam Pipe. 


Size of 
EetoniPlpe. 


1,000 or Leas 
1, 000-2.000 
2,000-3,000 

aiooo^looo 

5;000-6,000 


1» 


1 



Pot sravUj-rstmn Byslems with but little dltfeience In 
ISTel between tbe water-ltne In the boiler and the return 
connecUan of tbe healer, the pipe dies should be aa fbllows: 



P4PK Mzcs pon 






Lineal Feet of 1" 


Kp« 


Bupply. 


Return. 


S.000-1[OOD 
4,000-6,000 

siooo-fiiooo 


3t 
3 


% 

31 



Id pFoportloning besleia to condense the exhaust ftom 
main engines, not leas than 75 lin. ft. Of 1" pipe pec H. P. 
should be provided. The supply connections Bhould not be 
smaller than 3 In. up to SOB. P., 4 In. for 30 to 50 H. P.. S in. 
for 50 to 80 H. P., fl in. for 80 to 120 H. P.. 7 in. for 120 lo 
160 H. P., and S in. for 160 to 220 H. F. 



TliMittlgil (rat of Daoti and Ftuat.— Tbe size of the duct* 
from tbe fan or heal«t to vertical fines, as well aa the size of 
the latter, depend on tbe velocity nltb wblcb tbe air flow* 
through them. 
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Wich the bJow-(hrough type of bu-beatlng BTMem, tbe 
main air dnct, directly on leaving the moath or outlet ot Ibt 
healer, Ie expanded bo as to make Its area from ^ to AD per 
c«nt. greater than tbat ot tbe fan outlet, In order (o reduce 
the velocity of the air and to ineure ■ large roliune with tbe 
teeet possible reelslance. 
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By using the above table, the area of ducts and flues, in 
square inches, negleotiiig iViellon, 13 found by multiplying 
the number of occupants by the tabulated factors cor- 
responding to the amount of air to be supplied, per hour, 
at the desired velocity in feet per minute. 

The factors given In the table were obtained by means of 
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hich A ^ area or duct or flue, in square Inehes; 

S = air supply, in cubic feet per hour per person ; 
N = Quuiljer of occupants; 

F= velocity, in feet per minute. 

be (ttolors given are for conditli 

eiamplc, S - l.SOO, N=l, T = 900; then, 

, 2.4X1,800 XI .„ ,u . I . . JB, . 
A = -^j-- — = 4.8, the tabulated tacU 



a under which A' = 1. 



The required coefficient for any velocity and air supply 
not given in the lablemay be found easily by applyiog the 
formula given. 

when the air velocity In duels and fluea in feet pec sec- 
ond, the number of air changes per hour, and the size of the 
room are given, the required duct or flue area In square 
Inchea, friction neglected, can be found by multiplying 
the factor corresponding to the air velocity and the num- 
ber of air changes taken from the table "Duct and Flue Size 
Factors Based on Air Changes," by the contents of the room 
In cubic feet. 





Nnmber 


of At 


Chan 


iespe 


Hour 






m\. 


3 1 4 


ioofis 

:oobo 


« 


7 


8 


9 


10 


15 l!0053 
20 .WHO 


ioofio 


'.am 
:oo35 

,0082 


:oi6o 

!0096 

'.om 

,0060 


:oiefi 
'.om 

.0070 


.0320 
.0213 

:009l 
.0064 


S 

'.nm 


a 

i 

om 
m> 



aSATISa AUD VENTILATION. 





1 

.S 

a 

I 

I 

= 

1 


i 


5a3535SS35S!!S335 




! 








t 


B 


g3SSS3=3S3SJ!S533 




1 








i 
1, 


s. 


g3=SSai=SS35KS33 


1 


S!5|ss;3S=asss3!a 




i 


l55ai5|!W3SI":s 


if 


1 


lilsailsassMHSS 


K * 


8 


Essil^i9^§S§^issi 






US 

z 


S 




i • 


1 




1 






Sf^8S«$^^SEi!S^(JEiS£^ 




§ 






gsssisississssHsas 




331 


m? 


■"=«-**SS2232SSSSS 



232 BESTING AND VENTILSTtON. 

Tbe B. F. Sturtevant Companj' pieseots the preceding table 
fbr oblalalog the Sue area, In square inches, when the cum- 
ber of minutes required for one air cbaage, the velocity of 
air desired in the flue in feet per minute, and the siie of Ihe 
room are given. To apply the (able, divide Ihe coateutG of 
ibe room, in cubic feet, by 1.000, and multiply the quotient 
by the factor in the table correEponding to the time of air 
change and the desired air velocity. 

The number of irouod branch pipes that have the same 
air-carrying capacity as a round main biaat pipe of a given 
diameter is given in (he table "Numtier of Branches Supplied 
by Main Blast Pipes." In this table, allowance has been made 
for the friction of pipes smaller in diameter than tbe main 
blast pipe. Thus, diteen i" i^pes will have tbe same cross- 
sectionat area as one 12" pipe; owing t« tbe excessive fllc- 
tioual resistance of tbe small pipes, thirty-two pipes 3 in. in 
diameter will, in practice, as shown by the table, have the 
same carrying capacity as one 12" pipe. In some cases, the 
number representing the number of branch pipes equivalent 
to a given maiti pipe is a whole number and a fiactlon; thus, 
5.7 two-inch pipes are given as equivalent to one 4" pipe. 
In practice, the nearest whole number of pipes must be 
selected, as a fl^ctlona] number at pipes is an ImpOEsiblllty. 

Ikllowino* lor Frlotltnit Rtiiilinti.— To counleract tbe effect 
□( drop in pressure and reduction in velocity due to frlc- 
lional resistance when air is carried through piping of dlff^- 
ent lengths, It is necessary to Increase tbe area of the pipe 
according to the distance to which the air is to be trans- 
mitted. In otber words, to supply a given amount of air at 
a distance from tbe fan, the area of tbe pipe shoald be 
inereasedby multiplying the area ofthe outlet through which 
the given quantity of air would bo discharged at the given 
initial velocity, by tbe factors given in (he table "Factors for 
Iiuct and Flue Area Increase." For example. II is desired to 
supply 2,<XI0 cu, ft. of air permin, at a distance of 360 ft. IK>m 
the fan, the initial velocity at Ihe latter being 3,a;o ft. per mln. 
at 1" pressure, corresponding to Ihe delivery capacity of a 
10" pipe. The«reaotal0"pipebeing78,54«q.ln.,and thearea 
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It BLB— ( Conthmed ). 



^ I £ DlUMEH oT BrBOCb Flpv- iHtiea. 



factor S.4. the requited (u«a will b«, approximately. 8.4 x 7S,M 
= 2(17 sq. in,, and the coneaponding relooity of the flow will be 
-~- — l,o;9 fi. per mJn. The frietional resistance offered by 
th* piping to lie paarage of air therein depends on the eitent 
of the surface with which the air comes in contact, being 
directly proportions] to (he length and inverHely to the 
diameter of the pipe, also varsing as the square of the Telooily 
of Ihe moving air. 
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nd uae may be Duule of Che following foimuUa. Id 

p ^ l09i of pressure. In oances per square inch: 

V — velo«l(j of air, In feet per second; 

t — lenph of pipe, in feel; 

d ~ diameter of pipe, in inches. 



_-p5.ooodp 
25,000 pd 



vherein a ia area of pipe, in square inciiea, and the other 
letten have tha same meaning as in the previous formulas. 

RMlsliMt of Btndi.— The resistance caused by bends in 
the idplng may be approilmatel; determined b; usins the 

FRIQTIONAL RBSISTAHOE Ot ELBOWS. 
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factors glveD in the table " Frictlnnal KeElsunce of Elbows," 
wblcli gives ihe resistance of elbows in equivalent lengths 
of straight pipe, eipressed In terma of the pipe diameter. 
For example, the leslataace offereii by au elbow having an 
inner radius of 2 diameters will, approximately, be tlie^ame 
as that of a straight piece of the pipe 28 diameters in leogth. 
The necessity of avoiding sbort-radlus bends is made apparent 
by the tabulated flgures, which show that the resistance 
increases rapidly as the inner radius of the bend decreases. 

tlr Vo IsD I tl«>.— Experience has shown that for flues in the 
walls of sucti buildings as scbools, churches, office buildings 
etc., a flue velocity from 500 to 800 ft. per min., with a corre- 
sponding velocity through registers into rooms of fh)m 260 to 
eooft. permin., and a floor-register velocity or ^ ft. permln.. 
are desliable. Velocities of f^m 1,800 to 2,500 ft. per min, are 
customary in the main air duct. The branch ducts to flnea 
should be flgured at velocities of flom 1,000 to 1,500 ft. pet 
min., depending on their dlitancea from the fin. The inter- 
mediate main ducts ahonld be proportioned for velocities 
gradually redncii^ from that in the main duct near the fan 
to 1,000 to 1,500 ft. at the extreme ends, the extreme end 
being taken as a branch duct. Except In cases of great 
lengths of pipe and a multiplying of elbows an<^ turns, the 
lesser velocity of Ihe extremes given atjove should be used. 
The velocities for factor^' buildings may be practically twice 
those given above. 

CspSDlt) of HituitJ.Drsft Vsiit Duoti,— The quantity of air. 
In cubic tteet per minute, discharged by a ventilating dnct 
1 sq. ft. in area, under diS'erent conditions, with an external 
air temperature of 82° F., Is given in the table "Ventllatlng- 
Duct Capacity," The quantity of air discharged by venti- 
lating flues having an area other than 1 sg. ft, may be fOund 
by multiplying the discharge taken tiom the table by the 
area of the ventilating Que in square feet. 

The amount of air discharged when the external temper- 
ature is above 3JP may be obtained approrimately by using 
the tabulated l^tors corresponding t« the difference twtween 
the internal and external temperatures. 
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Wtlikt tf Plflut— In esttnuttiDg the weigbt of tlie round. 
galTantzed-iron pipes that are commoal; used fur the ducM 
and Sues of blower BjatemB. the accompanying table, by the 
E. M. Link Machinery Company, will be found convenient, 
uthe weights therein given represent the weight of tbe pipes 
made np complete, proper allowance having been made for 
laps and trimmings. The eltiowg have an inner radluB equal 
Co the diameter of the pipe. Owing lo the variations In the 
thlclinesi of the material, galvanizing, etc.. the weights given 
In the table are not absolutely eiact, but an; sufficiently 
accurate for all practical purposes. 

The weight of rectangular pipes Is best obtained by 
Bnt fluding ihe surface of the pipe, in square feet, and mal- 
tlplylng this by the weight of Ihe Iron. In pounds per square 
foot, correspond in i; to the gauge number, as given in the 
table "Weight of Galvanized Sheet Iron." 

Ducts and flues of galvanized iron should nol,asarule,be 
lighter than the following gauges: No. 28, for pipes under 
RIn, In diameter; No. 26, for pipesBin. to 12 In.; No, 24. for 
plpesl3in. lolfiln.; No. 23, for pipes 19 in. to 24 in.: No, H, 
(br pipes 2A lu. 10 30 in.: No. 20. for pipes 31 In. Co 40 in.; 
No. 18, for pipes 41 in. to 50 in.; No, 16, for pipes SI In, to 80 in. 
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TBMPKKATUMK RCaULATION, 

Tbe tempenture-controlllag Sfslems i^ommonly employed 
with blower systems are automaiie In operation. Wllh such 
a Eystem of control, It is simply neceitsary for the engineer 
to snpply the healinB system with sufioieot steam. The 
thermostals regulate the temperature within 3° above or 
below (bat for wbicb they are set. 

The controlling apparatus usaally tDstalled consists of 
thermOHtatH located in the rooms and connected by small air 
pipes to the valves or radiators and heaters, or to mixing 
dampers, Tbe thermostats, operated by differences in tem- 
perature, altemalely admit compressed air to and release it 
ftom the pipes. An air pretaure of about 15 lb. Is automat- 
ically maintained on the system by a pump or air compressor. 

The air pressure at iiand should also be used to ojierate 
remote dampers tn heating dnots and vent fluos, the actua- 
liou of the damper being effected by turning a valve on a 
switchboard conveniently located In the basement. 

One of the best methods of arranging the temperature 
control of a building equipped with a blower ventilating 
system, In connection with which the heating is largely done 
by direct radiation, is to use diaphragm radiator valves that 
automatically shut off the steam from the radiators when the 
temperature of the room rises to 70°, or to whatever point the 
thermostat may be Eel. 

Tbe temperature of the air supply is kept at or near 70° by 
cotd-air and warm-air thermostats, Tbe one placed In the 
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cold^air room or duct !■ oonneeted with the et«ftm raWes on 
a portion of the main heater, so th&twheQjthe outdoor tem- 
perature rises above a certain point, and sleam is no lODger 
Deeded. It is autoioBtlcally shut off. 

The waim-ali thermostat placed in the duet beroud the 
Giu shuts off the balance of the heatet when no longer needed. 
This thennoatat allflmalelj' closes and opens the steam valvea. 

By-pass dampen are^so uaed to by-paw cold ahr vhen tbs 

Supplementary heaters at the baae of flues, wben used Id 
place of direct radiators In the rooms, are coDoected nith the 
room thermoslsls. which permit the tempered air ftom the 
blower to Hob through the sapplemenlary heslen wjttaont 
being reheated wben the roomt do not require heal; or. the 
supplementary beaters may be supplied witb mixing dampen. 

With a single duct system, the thermostats an made to 
operate the register blades or the damper in the pipe«, con- 
tolling the temperature by cnwing down the air supply. 

DHriNO ANO OOOLINO AIR. 

To make assembly rooms comfortable In hot weather the 
ail forced Into the rooms by the fan must not only be cooled, 
but Its humidity must be kept within reasonable limits. In 
order to give the air an agreeable feeling of freshness, Ita 
humidity must be reduced to *0 per cent., or less. The regu- 
lalloD of the humidity of the cooled air may be accomplished 

1. The air may be cooled to a teroperatore considerably 
below that at which it is desired to admit It to the rooms, the 
moisture in the all being condensed end the air then warmed 
slightly to reduce the relatire humidity. 

2. A portion of the air may be heated as In (1). Chen be 
mixed witb untreated air by-passed around the reMgeracing 
coils or ice box; the proportion of (he two being regulated to 
eCtect the desired result. 

S. The air after being cooled may be passed over shallow 
trays containing calcium chloride, which ie capable of 
absorbing about three times Its own weight of moisture. 
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GAS AND GAS-FITTING. 



Coal ga> U made bj besting bitundnoiu coal In alr-tlglil 
boiea or telortB. Tbe Ileal bieakg ap the camblnstiona of 
bydrogen and carbon la tbe coal, transforming them Into 
other compounds, most of which are gaaeoua at ordinary 
temperatures. Among the new compounds thus made are tar, 
ammoQla, and sulpbureted hydrogen. The tar and ammonia 
are condensed and removed. The gas also undergoes puij- 
fication and scrubbing : In the former process, the gaa is forced 
In thin streams through pans filled with lime, oitdeot Iron, 
etc.; and in the latter, through bodies of liquid charged with 



Oil gat l» made from petroleum in a similar way and 
(com almost bd]- kind of oil, grease, or fat, 

PTOducer gat dlftteis ftom the coal gas comrooiJy used for 
lighting. Id having much less combustible mailer, and la 
having a large percentage of nitrogen. It is made by burning 
anthracite or bituminous coal in a closed ftirnace, with a 
supply of air too small for complete combustion. The average 
quality of producer gas contains iVom 10 to IS per cent, of 
hydrogen, from 20 to 30 per cent, of carbon monoxide ( CO), 
and from 40 to 60 per cent, of nitrogen. Producer gas burns 
with a dull reddish Same, and its healing value is al>out one- 
fourth that of good coal gas. 

Water gas Is made troia anthracite coal and steam. The 
cool Is placed in an air-tight cylinder, ignited, and raised to 
an Incandescent heat by an air blast ; the blast Is (hen shut 
off, and dry steam is blown through the glowing fuel. The 
Intense heat break:s up the steam into free oxygen and hydro- 
gen, the oxygen combining with the hot carbon, forming 
CO, and the hydrogen pa^ng along with it, bnt not com- 
bioiiifr. These are then ted to a gas holder. Theoperatlons 
of Uoviag up and making gas alternate at Intervals of about 
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S mlnntea, antU the fuel Is eihuutcd. The fresh gai burnt 
perfectly in heating burners, but wbea used tor lifting pur- 
posea. U alvays enriched In carbon, bjr the vaporiiatlan at 
pelroleam bcrore It leaves the generalor. The dendtr of 
pure vater gas Is .4 that of air. It naturally baa very little 
odor, but Bome impurities ore allowed to remain to give the 
gaa a perceptlhle odor. 

Aaiylau: (chemical symbol, Qfii) Is composed of 12 parts 
of carbon to 1 of hydrogen by welgbt, or S2.3 per cent, carbon 
and 7,7 per cent, hydrogen. It Is the inost billllant Illumi- 
nating gas known. Its density Is abont.91, and lis weight at 
32° F. Is .073 lb, per cu. (t. It is without color, and has a 
strong odor, like garlic. It Is polsonons to breathe, in abont 
Che same degree as ordinary gas. The heat developed by tha 
combustion of 1 cu. (l. is theoretlcalty I,S8fi beat units. 
Acetylene Is manufactured by mixing calcium carbide with 
water. The carbide is a mixture of coke and lime which 
had been Aised In an electric furnace. It Is reddish brown, 
orgray. in color, somewhat crystalline, and decomposes water 
like ordinary quicklime i the calcium takes oxygen from the 
waur, forming oxide of calcium, or common quicklime, 
while the carbon combines with the hydrogen of the water, 
and forma the desired compound, acetylene. Conaiderabls 
heat Is given off during (he operation. 

Pure carbide of calcium will yield &.4 cu. ft, of acetylene 
per pounds but It is hardly safe to reckon upon more ihani.B 
cu. ft, from the commercial carbide. Special tmmers are 
required Ibr acetylene Illumination, provided with small air 
holes to supply more air to the Same than Is obtained by 
ordinary burners. Acetylene will give a light of about 240 
candlepower when burned at the rale of b cu. It. per hour, 
while good coal gaa only gives 16 candlepower at the same 
rate of combustion. Acetylene can be reduced to liquid 
tonn, at a temperature of DO", by a prc«Bure of about 600 lb. 
per sq. in., but is then unsuitable for use in buildings, owing 
to the danger of eiploslan. Acetylene corrodes silver and 
copper, I))rmlng explosive compounds, but does not alTcct 
brass. Iron, lead, tin, or rinc. These facta should be borne in 
yaiad when constmcUng appaistus for ila use. 
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OatnliiK gat, oi earburtUd air, ■ometlmes called air gat, 
is a mlztuieofguoUne vapor -with sir, and, when pui«,iBn 
rich In carbon thai special burnen most be employed Tor 
lighting purposes. Tbe quantity required (o produce 1,000 
ca. n. of EOS of from 14 lo 16 candlepower Is about 4| gal. 
of tbe best grade, and more if tbegsaoiiuelsoralonerBraile. 
Tbe specific snrity a( gasoline is aliout .;i tbat ot water. 
Tbe temperature at a gasoline-gas machine should range 
between 40° (o S0°. The blgbest grade at gasoline, tbat it, 
the grade tbat will evaporate roost trtt\y at ordinary l«m- 
peratures. should be used for winter serricc. The generatora 
should be located outside the building, in a sbclt^ed place. 
An air pump is used to pump fresh atr Ihmugh the gen- 
erator, and a mixing device is commonly employed Ibr mlxlDg 
air with the gas before it reaches tbe bnmers. The pump and 
mixer are ntnally located in the cellar of tbe building. 



If a gaa Is lighter than air, at the same temperature, tlia 
pnsBure will be greatest at the top of the chamber contalDiiv 
the gas ; If heavier, the greatest pressure will be at the botloia 
of tbe chamber. The upward pressure of gas having a leia 
density than air is caused by iladefieiency in weight, and con- 
sequent inability to balance the pressure of the atmosphere. 

Fur Illustration, consider a column of gas 1 fl. square 
and 100 ft. high, having a dcusily of .b, or one-half that of 
air, the temperature being the same as that of the elmos. 
phere-«ay 60°. Air at «P weighs .0764 lb. per cu. ft., and aa 
the column contains lOO cu. ft., it will weigh .OTM X 100 
= 7,Mlb, Tbe ges liavtng a density of .5 will weigh only 
half as much, or 3.82 lb., and is. therefore, unable to balance 
an equal volume of air. Consequently, 11 Is prcs.scd upwards 
with a force of T.64 ~ a.fa = 3.82 lb. against the top ot the 
chamber which containn It, Whatever the actual pressure of 
the gas may be at the bottom of the column, it will. In this 
case, bo increased at the lop to lbecTtentof3.S21b.pcrsq.il. 

The increase of pressure In each 10 fl. of rise In the plpee^ 
with gas of various densities, is shown la the following table; 
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Else In pregsme (In. 
of watCT) .-..- 


?: 


T 


.029S 


.7 


.058 


f 


.088 


'.S 



EiAUPLE.— The pressure in (he basement, at the meter, 1« 
1.3 In. of water ; what will be the pressure on the dxth atory, 
TO ft. above, the density of the gss being .47 

Solution.— The table shows that the increase will be .088 
for each 10 ft, of rise; therefore, .OSS XT " .61S Increase. 
Then pressure at sixth story = 1.2 + .816 — 1.816 In. 



T OP pRESSune aa 

Prtuur*.— The pressure of gas 1b measured 
water gauge, which Is shown In Fig. 1. The 
tabesiiand c are glass, and are Blled with 
water up to the zero of the scale, which Is 
graduated in inches and fifths or tenths of an 
la opened to the air at the 









When 



In Inches, 

Is Ihe measure of the pressure eierled In 

ineht) vj scaler. For measuring heavier pres. 

sures, mercury Is used instead of water. 
Pressures measured In inches of water or 

mercury may be Iranalaled InIo pounds per 

square inch or square foot, by multiplying 

the reading by the following figures ; 

1 In. of water at 62° F. = 5.2020 lb. per sq. 11. 

lin. ofwaterat 62°r. = .0382 lb. per sq, in. 

1 in, of mercury 62° F. = .488! lb. per sq. ill. 

Pteasure per square Inch or square foot irjo. l. 

may be converted Into inches or feet of 

water, or Inches of mercury, by multiplying the pre«ure» by 

the following figures : 

1 lb. per sq. ft. - .1923 In. of water at 62* P. 
1 lb. per sq. in. =- 27.70 In. of water at Sf F, 
1 lb, per sq. In, ^ ,2012 In. of mereury at 62° F. 
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-The volume of 




panltig thToneh & pipe In k 
given Ume. la computod by mulll- 
plylng the velocity by the area of 
the pipe. The velocity may be 
meftflured by ft Pilot tQbe, asshovD 
m Fig. 2. This conrfsta o/ two 
tubes, o and i, inaerted In a plugf. 
the lower end of a being aqnaie, 
and that of b curved to face the 
current ; ibe upper ends are con- 
necled to a water gauge d. Gas 
enleiiug through h depreBKH the 
walercolumnaa shown ; ihe veloc- 
ity corresponding to the reading la 
found tnaa tables which ore gen- 



The actual quantity of the gas Is computed by correctlnB 
the volume fi>r temperature and presBure, reducing it lo a 
volume at standard temperature or 32° F. and standard 
pressure of 1 In. of walcr. The correction for temperatura 
may be made as follows; 

RylB I.— Jfutfijrfv the meaiured votume bj, 1st OTUl dMieOt 
product by iSO pivi tlie actwU Icmperature. Tht quotient Kill bt 
the volamt 0131° F. 

The correction for pressure may be made as follows : 

tttlai.— Midtiplytlie vulume at i!l°F.b)i the pteeiarf in iiiehet 
r/S waiet plat 40?. and divide lite produrt by iOS. The imrtiaU 
tciU be the volume at I inch pressure, onil al SS° F. 

ExAHPLE.— A pipe passes 1 ,(iOD cu. It, of gas per hour, under 
a pressure of S in. of water and at a temperature of 60°. 



the temperature to 3I°? 



■.n Ihe pressure is 



uced to 1 ic 



le volume at 32° la 



If the quantit; of gas delivered through a plpeofglve'- 
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length Is known, chat soppUed throngh a loofcer oi ahortw 
pipe Is to the known volume w the stjoare root of the given 
length IB (o the square root or the required length. With 
pipes of the same length and diameter, the volmne dellTewd 
at any proposed pressure Is to tliat supplied at an; other 
pressure as the square root of the propoied piesmra la to tlw 
sqiuirerooCof the given piesEure. 

QAa MBTKRS AND PRESaUni nKOULATORB. 

■Ittiri.— For ordinary purposes the volume of gas pswlng 
through a pipe is measured bran apparatus called a poa nwfer. 
A gas meter meamirra the volume only, and Its indlcaUon* 
are not aOected by any clunge that may occur In the pres- 
sure of the gas. The difficulty thus enconntered In correctly 
measuring the volume of gas actually delivered under varyinf 



pressures Is overcome by using a governor between the meter 
and ttie street main, or service pipe. The governor is a speciea 
of reducing vatve which will receive gaa at any pressure, 
whether steady or variable, and will discharge It at a steady 

The Illustration shows an ordinary meter. To read such 
a meter, note the lesser of the two figures between which 
each hand points, or the Agure (o which It points, beginning 
at the left-hand dlal^ then add two ciphers (o the right of 
the three figures, and the number so obtained will he the 
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Mncinnt or gaa in cubic feet n-hieli the meter has meuured, 
Thas, the pointers In tlie diagram \na\caSe tliat 14,200 cu. a. 
Of g»a have passed through the meter. 

The dial marked ficD/ed ma; be need to ascerUin the quan- 
tity of gas consumed per hour bj- a burnEr, by noting the 
time required for the pointer to make a revolution. Thus. 
the hand will make 2| revolutiouB per hour if h cu, R, pass 
through the meter Id that titne. This dial may also be uaed 

Prinufi BnultUft.— The objects sought in the use of pre* 
■are regulators or governors are economy la the consumplion 
of gas, steadiness of tbe lights, and most effective opera- 
tion of the burners. It is of great importance that both 
volume and pressure at the burners should be closely regu- 
lated. The amouot of gas wasted by overpressure is much 
greater than Is generally believed. A good nen lava-tip 
burner consuming 5 en. ft. per hr. at .5 in. pressure, will 
consume about ,5 of a cu, ft. more for each increase of .] in. 
In the pressure. Thus, an overpressure of .1 In. will increase 
the gas bill about 10 per cent. The yariatlon, In even the 
best-regulated systems. Is usually much greater than ^ In,, 
and is ftequently )g or more, 

Tbe two systems of regulation in use are the praiuTe and 
the volumftrie regulation. In the first system, a governor is 
attached to the service pipe at the meter, and the house dis- 
tributing pipes are maintaiued at constant pressure; in the 
■econd B}'Stem, each burner is supplied with a governor, the 
pressure In the pipes not being controlled. 

Tbe proper place for a pressure rogulator, If used, Is 
between the meter and the main. 

The pressure required at the burners, to secure the best 
results, varies greatly In different forms of apparatus. The 
following are tbe pressures generally used: 

Argaud bumeia — .2 in. of water. 

Common hatswlng burners B in. of water. 

Wellsbach Incandescent burners .5 in. or more. 

Wenham and Lebrun lampe .5 to 1 in. or more. 

Attnospherlc burners 1.0 in. or more. 
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GAS-FITTtNG. 



Tbe number of gaslights required to properly illumin&le 
a room depeods on its size. conditioD of wail sur&ces, e(c. 
Ttie reflection from tlie nalia in Bmail rooms le pioportton- 
ateiy greater tiian in large ones, and bencc a Bmallei number 
of burners Is required in proportion to the floor space, A 
y (CO. R. per hr.) liatswing burner is assQmed to give a iight 
Qf 16 c. p. under a pressure of .5 in. of water. 

For large rooms, such as a church, etc., the proper illumi- 
nation wiii tie famished by uaingone burner to each 40 sq. ft. 
of floor. If there are balconies, etc.. extra lights must be 
provided according to the same rule. For smaller rooms, 

CANOLEFOWER OP 4-rr. UNION JCT SURNEH AT 





DIFFEHCNT PRESSUnES. 




Gas Pressure. 
Inches of 


Oaa Consumed 
Cubic Feet. 


Light Emitted 
percubic 

Cand^^wer. 


Flame. 


.B 


3.M 
9.60 


3.00 

i.to 

if 


n.JO 
11.40 

i2:«7 



N'OTE.—Tbe best pressure for ordinary illuininatiiig gas is 
5in. ofnator. 

such as are found In ordinary dwellings, the proportion may 
be one light to about SO sq. ft. of floor. The amount of light 
required is, therefore, from A to .2 c. p. per sq. 11., according 
to the size of the room. 

If incandescent gaslights, eueh astheWellsbach, are used. 
Ihc number of lights may be much less, as these llghwnirnlsh 
from 50 to 6U c. p, on a coneumption of about 3 cu. ft. of gaa 
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The amoant or illuminating gsB consumed In an ordinary 
bnraer depends on Ibe pressure of the gas. An Increased 
coQsnmptlon of gas does not coirespondingly Increase the 
■uppir of light, as will be seen b; the preceding table. 



Each pipe must baie enough capacity to supply ell its 
bumera when they are In nill operaliOD. Allowance must 
also be made for all healing and cooking apparatus likely to 
be required. The quantity required for lighting may be 
reckotied as b cu. It. per hr. for each burner, unless other- 
wise given. The actual quantity required by Improved 
burners, however, differs bo much that It Is ImpracUcable to 
compute the volume required by merely noting the number 
Of ^ruers and multiplying this number by 5, 





CAPACITY OF OAS PIPKS. 






Maximum 


Capacity 


per Hour. 


tS: 


Length. 
Feet. 


Coal Gas. 
Cubic Feet. 


GasoUne Gas. 
Cubic Feet. 


















\ 




30 






















200 




















2.5W 



Service pipes should never be less Ihan I in. because of 
UabilKy to cbokage, and, If of iron. It Is advisable to make 
the diameter at least 1 in. For small cook stoves, the supply 
pipe should be at least i in., and tor larger stoves, I to ]1 in. 

Having aecettalned the probable maximum qnanCity 
required In cuttle feet per hour, (he diameter of the pipe can 
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be found f^om the table "C*p»cilyo( Gm Flpra." If the 
lengtli of tbe proposed pipe eiceeda the uuxlmuia lengtll 
glTen, (be next larger Blze pipe Ehould be cbosen. If the 
preseure eiceeda 2 In., the principal pipes may be reduced one 
Biie. If tbe pleasure is less than l In., all pipes mun be 
increased one ilze, and wlthvery long pipes, the diameter will 
require to be Inereased still more. When gasoline gtx ii 
used, no distributing pipe should be less than | In. 

In this Lable, the pressure Is sssumed to be about 2 In. of 
water, Tbe quantities staled aie those which the pipes will 
deliver at the burners without objectionable lUl of pressure. 



The pipes used tbr tbe distribution of gas in buildings are 
standard plain wrought-lton or steel pipe. 

If the location of the pipes Is not shown by tbe architect, 
then the gas-fltter mast use his own Jadgment In determining 
their portion. He should be governed by the following con- 
siderations: 

1. The pipes should run to the fixtures In the most direct 
manner practicable. 

2. The pipes must be graded to secure proper drainage 
wllhoul exceselve cutting of floorbeams, or otberwlse dam- 
aging the building. 

S, Pipes that run crosswise of floorbeams should be Md 
not more Ihan 1 ft. from (he wall, to avoid serious Injury, to 

4. Fixtures should be supplied by risers ra(herth«nby 
drop pipes, as far as practicable. 

b. All pipes should be located where tbey can be got a( 
for repairs, with (he least possible damage (o the floors or 

fl. Tbe fltdnga should be malleable-iron galvanlEed, 
beaded flttlngs belog preforable to plain ones. Plain black- 
Iron fittings should never be used on ImporlAnl work. 

The flttlngs commonly used In gas-BHlng sre shown In the 
accompanying Illustration. 
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Their Dunea are: a. quu1«T elbow; b, tee; e, street elbow; 
if, cross; e. elbow with side outlet; /, right«nd-len coupling; 
e. reductng coupling; h, cap; t, male and lemale eiteniioii 
piece; j, plug; i, waste nut; I, drop elbow with female thread; 
m, drop elbow with male thread; n, drop tee Hi tb female 
thread; o, drop tee with male thread; p, drop elbow with 
inal« thread, left flange; q, male chandelier loop; r, drop 
elbow with long: outlet idecei t. chuidellei hook, female: 



^^^ 
"©^ 




t, pipe strap; t 

can be had either right oi 

The threads on a |" gas pipe will sustain a weight of 
about 6,<X)a lb.; on at" pipe, about 7,000 lb; and on a I" pips 
about 9.0OO lb. Hence, gas pities securely anchored will easily 
support BQy reasonable weight of cbandelierE attached to 
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PIPINO OAS HANOKS. 

The die of slDgle lines □( idpe ran IWtm or near * gu 
meter to & gas alove oi gaa range Bhould be Id accoidance 
with the following table: 

SIZE OP PIPB POn OAS STOVKS ANB KANOIA. 



Average Inside 
Inches. 


DiBtHtice of Stove 
Feel. 


Nominal sue 

Service Pipe 
Required. 


6X18XM 
9 X 19 X 21 


ao 

«o 

30 
60 
30 
60 
SO 


1* 



As sooD as all the pipes are In place and are property 
secured, the system should be tested to And If it Is gas-tight. 
Air should tie Torced In the syelem until the gauge Indicate! 
ISoriOln. of mercurj'. or 7 to 10 lb. per sq. In., the pressure 
being contjtiued fur about 1 hr,; if the gauge BbOTVS a falling 
offin pressure of more than tin. of mercury, orjlb, per sq.lti., 
the system cannot be passed as jierfect. The mercury-column 
differential proving gauge la well adapted for lestinif gaa 
pi|ies, etc, that are to be nutde alr-tlgbt; common spring 
gauges are unreliable. 

Theeileutofaleaiimttybeludgedby the rapidity of the 
fall In pressure, but lie location must tje found t; the sense ot 
smell. For this purpose a small quantity of ether should be 
iDtroducedinlothepipes. Thevapnrof the ether will diffuse 
throughout the systemand escape from the leak, where it will 
be detected by Us odor. Tbe gauge should be provided ullb 
an ether cup especially for testing purposea. 

In the case of large buildings, It Is advisable to test tbe 
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piplnft In nctlanB, say one Boor at a time, because then It li 
mucheader to locate leaks. After each eeotlon 1« tested lliey 
may be connected, and then Eubjected to n HdilI teit. 

The pipes should not be covered until ttic teslE are com- 
pleted. The owner, aroMleot, or Inspector should witness 
theteaa. 

AcrrrLBNE oas-fittino. 

Th» Plplaj,— The chief differences between oitliuary gas- 
fittlogand acetylene gas-Sttlng are; (a) special burners or 
tips, lb) a gas machine or generator, and (c) smaller distrlbU' 
ting pipes. Otherwise, theie is no BUbalantls.1 dltf^ence 
betweea them. Buildings piped for poal gas can ordinarily 
be lighted by acetylene by disconnecting the serrlce pipe 
from the street and attachtng It to a gas machine, and by 
substituting acetylene tips for the common gas tips. 

If a building Is piped for acetylene gas only, the sizes of 
the piping may be about as follows: 



Diameter of Pipe. 


uSgJTAW. 


Number of 

1' Burners to be 

Supplied. 


i 

I 


20 
40 

150 


4 



Undsiwrltsri' Ra^ilttmtnti.— Tb 
York Board of Fire Underwrite 
acelylene-gos generators are as follows: 

t. Plans and speciflcations in detail of acetylene-gas gen- 
erators roust be submitted to this Board for approval, and a 
copy of the same placed on flie In this office. If the plans are 
approved, a special examination of the generating apparatus 
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will be mode (at the expense of the applicant), and it itim 
found to be In compliance with the tbllowlng Tequlremend^ 
a certiflCBl« of approval will be granted: 

2. The generating appantus moat be located In an out- 
ilde, flreproof, and wetl-Tentllaced building, where It will not 
be an eipoBUre to any adjoining piopertj-. The buildings in 
which gcneratare having a capadtT of more than 2b lb. and 
not exceeding lOO lb, of calcium carbide are placed, shall not 
be located with! D 10 ft. of any other building ; and the butld- 
iDgs In which generators having a larger capacity than 
100 lb. and not exceeding 600 lb. of calcium carbide are 
pieced, shall be realrlcled la a distance of not lesa than 25 ft. 
fMm any other building, and these shall have the conetanC 
supervision of a competent person. 

3. The dlmenalODBOf the generator building must becon- 
flned to the requirements of the apparatus, and the limited 
supply (hereinafter mentioned) of surplus calcium carbide, 
which must be packed in water-tight metal cane, and said 
buildings shall be located as follows: 

For generatore with capsclty of more than 2S lb. and not 
exceeding 100 lb, of calcium carbide, and, in addition, 100 lb. 
of surplus carbide— not less than 10 ft. from other buildings. 

For generaMrs with a capacity of over 100 lb., and not 
exceeding 500 lb, of calcium carbide, and, Id addition, not 
over 500 lb. of surplus carbide— not less than 25 ft. from 
Other buildings. 

The storage of calcium carbide on premises, other than In 
generator building, is absolutely prohibited. 

4. In constructing the building, dryness and ventilation 
must be secured. To meet these requirements, Uie floor must 
be raised above the grade on which the building is located, 
and suitable drainage provided. Ventilation Is to beobtalned 
by air passing from the outside of building through holes at 
the Boor and through a pipe at least 6 In. In diameter, at the 
roof. The said pipe must extend at least 4 ft. above the roof, 
and must be topped with a guard cap, and If there be any 
building within 10 ft. of said pipe, then the ventilating jAjie 
must be carried 4 ft. above the roof of the higher building. 
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a. The mailmum prenure of gs< sMred In s gas holder 
■hall be limlled to B In. of water, and both the geoeratoi and 
gas holder shall hate water mtely koIb (not lo exceed the 
•ame llmill in connectioii wllh escape i^pes of not lew than 
li in, ia diameter. The escape plpea muM be connected 
above the roof with the TentUatlDg pipe of the building In 
which the generator Is located. 

6. A generator In which the gaa ia both generated and 
■Cored |tbe maximum presaure of which shall not exceed 
91b. persq. In.) and having no water seal, shall be leiled to 
withstand a hydraulic pressure of A) Ih. persq. In. The gen- 
erator Bhall hare a pressure gauge, also a eafety valve (not 
less than It In. In diameter) adjusted lo release the pressure 
Of the gas should It rise above the prescribed maximum limit. 
An escape pipe must be affiled to the safety valve, and con- 
nected above the roof t<j the venlilating pipe of the building 

hydraulic teal is to be placed on Ble in this office. 

T. The pressure of the gas shall be regulated at the gen- 
erator or gas holder, so that it will not exceed 4 in. of water 
on the plpL-ainsidecf the building to be lighted. A mercurial 
seal, set to that pressure, must be attached to the supply pipe 
at the generating building. A stop-valve shall be placed on 
the supply pipe at the place where it enters the inside of the 
hnlldlagto be lighted 

8, All generators and gas holders shall be connected by 
al least U" escape pipes and stop-valvea with the ventilating 
pipe at the roof of the building, through which the gai can 
be conveyed and discharged with safety on the outside of the 
building, 

9. tienerators must be constructed so that they can be 
charged with calcium carbide at all times without allowing 
the gas to escape into the huiiding. 

10 Generators shall be Blled with calcium carbide by 
daylight only and all generating apparatusmust be in charge 
of persons who are ftimlliar with their operation and are- 
fully competent lo manage them under all circumstances. 

11. Ko artlflcial light, except a wlre-guanled Incandescent 
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«1ecCric lights may be used inside of the building in which 
the gta Is geQerat«d, and no heat except low-pressure stesia. 

12. All aoetylene-gss generators, and ail receptaciea 
containing acetylene gas, shall be made of iron or steel 
tbraughoiit. 

13. The lealduum of the calcium carbide when removed 
from the generator muEt be deported In a safe location out- 
^de of the building apart from any combiisUble material- 

14. The storage of liquid acetylene in any building, oithe 
use of liquid acetylene gas, ie absolutely prohibited. 

Raqulrairant* nf ■ G»il Gang til«(. -The following are the 
points on which judgment was passed in awarding medals 
to the acetylene generators at the Pan-American EipositiOQ 
stBullillo, N. Y., inlSOl: 

1. Tiie contact of [he carbide should be with the water 
<in other words, the machine should be of the drop type). 

2, The earblde should be fed into the water in proporlloD 
to the coiiBumptloii of gas. 

1 The gas pressure at tbe point of delivery should remain 
practically constant, irrespective oC the number of Jets burn- 
ing, or oflhe amount of carbide, or of gas. In the generator. 

i. Thejjressute should be equalinallparteoflhemachlne 
and should not esceed Ihat exerted by a 6" column of water. 

5, When the lights are turned out the generation of gas 
should cease. 

6. The gas should be delivered to the burners clean, cool, 



». It ibe generator is left idle fDr a long period, there 
should be no deterioration of the carbide. 

ID. The gas holder attachod to the generator should be oi 
ample capacity and made tight with a water seal. 

11. The pressure in the service pipe should never exceed 
(bat of a 3" column of water, and aprovtslon must be made 
to blow off into the air at a pressure of 6 in. 
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II. The wftter capacity or the geuerator mun be at ImbI 
1 gal. of water to l lb. uf carbide. 

13. There must be a coDvenlenC method of getting rid of 
the Blacked carbide ivithout escape of gax, 

14. ThegeneralormusCbeentirelyautomaticln lUactlon. 
Thai Ib lo Bay, after it baa been charged It will need do 
further attention until the carbide la entirely exhausted. 

15. There should be a Blmple melhod of determining the 
■mount of unconsumed carUde in the generator at any lime. 

16. The generators should be so simple in operaflon that 
they can be tended by unalillled labor without danger of 
accident. 

17. The variouB operations of dlecliarglne the refuse. Ull- 
log with fresh water, putting in carbide, and starting the 
generator should be so arranged tbat II Is Impossible to do 
them In the wrong order. 

18. The generators must be bo arranged that there can be 
DO posalbility of mixing air with acetylene gas. 

19. Generatora must be builtof substantial materials well 
adapted to their purpose. 

the charge of carbide can be made at any time, without 
affecting the light. 

Any generator that is buijt according to the preceding 
points may be considered excellent. 



The chief cunsidcratlotis that govern the location of gaa 
flitures are : first, that they shall light the rooms lo good 
advantage, and second, that they shall cause no danger from 
fire. 

A gas fixture should never he placed in a closet or other 
very small room, If there taany chance that the door may be 
closed and the light left burning. If that should happen, the 
temperature will rise rapidly, and there will be great danger 
of setting lire to any combustible material that might be In 
the room. 
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Hot-air re^alErs la Ihe floor or wall Ehould be caieftilly 
avoided In locating gas Bitures, If a light Is over or near a 
regieter. it will Bicker inceasaiitly, and will be a great 

The proper belght of gasllgbts above the floor depends 
somewhat on clrconiMances. In ordinary dwellings having 
a ceiling 9 it. high or more, Eide ItghU shonld be placed from 
5) lo 6 ft. high. PeodantB may be hung from SI to 7 it. from 
(he floor. If the rooms are large and high, the lights of 
ehandellera may be placed at a height of 7 to 8 tl., or even 
more. Of course, all lights above 7 it. high will require the 
assistance of a torch or step ladder (o light Ihem. 

jAtw lights ehould be avoided, because they are tiresome 
to the eyes. If they mnst be used, they should be provided 
Kith opaque shades. 

Chandeliers, aa nearly as practicable, should be hangltom 
the center of Uic ceiling. If several ride lights are used In the 
same room, they ehould be placed at the same height. 

Care should be taken in locating side lights, to make sure 
that wooden doors cannot be swung back against them, and 
be scorched or set on fire. Lights ehould not be placed where 
they may be blown out by strong drafts of air, or by the sud- 
den slamming of a door. A gas burner eitinguished with a 
full head of gas on, is very dangerous. 

Sidelights in hallways and vesOholeeorin churches and 
similar buildings should be placed at a height of at least 7 ft. 
A side light should not be placed over a set of tubs if it can be 
avoided. A better place is at the head of the Ironing table 

Swing brackets should not be used for lighting balls, 
stalrfi. vestibules, or other passageways, because of the danger 
tram fire. The light is very liable to be swung too close to 
the wall, and to be overlooked until the building is set on 
fire. Swing brackets are always a source of danger when 
they are located within reach of woodwork or drapery, and 
therefore are not to be recommended for general use. It is 
preferable. In most cases, lo use Instead two single lights on 
stiff brackets, or else a bracket having two or more rigid anna 
with filed tights. 



OAS AND OAS-F!TTlNG. 259 



lu lighting bedrooniB, the flituraa should be located so 
that the bed. wardrobe, dresBii^ case, mlrrar. etc.. D]ayt>e 
placed in desirable poallioiia without Intetfering with the 
IlKbt. The pOEitious of the closets should be noted, and if 
practicable, the light should be arranged to shine into them, 

Dressing mirrors should be provided with two stiff bracket 
li^lH, one at each side. They should be placed as bigb as 
they can conTcnlenlly be reached, in order to properly 
lUaminate the bead and shoulders of the person using the 

In bathrooms, the lights should he set high, so that a per- 
son will not be liable to strike them in Uking off or putting 
on clothing. A light should not be located over a bathtub 
or a wash bowl, or anywhere near them, because of the 
liability to accident. 

A kitchen or laundry should be lighted by pendants 
wheneTer practicable. If side lights must be used, they 
should not be placed over the sink or near enough to 11 to be 
liable to be struck or be splashed with water. The best place 
for a side light is usually over the pastry table. 

Hallways are best lighted by a pendant; if a side light is 
used it should be placed where It will not interfere with the 
coat rack, or mltior, or other hall furniture. 
■ A pendant in a hallway or vestibule should be set so high 
that the globes will not be liable to be knocked otT by a per- 
son who is putting on an overcoat, etc. 

Stairways should be provided with a light at the lop. 
whether there Is one at the bottom or not. A light on tlie 
ikewel post alone is rkotsuQlcient to properly Illuminate the 
steps. People having defective sight are especially liable to 
accident on Btalrways, and tbe light should be arranged so as 
to aTOld all shadows that might prove deceptive. 

Tbe stairway leading from the kitchen to the basement or 
cellar should be lighted by a burner that is located some 
distance ttoia the foot of tbe ataliB. If the light is near the 
foot of the stairs. It li very apt to be struck when large articles 
are carried past IC 
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Kt-KCTRIC) CAS LlCHTINfi. 

The wrangement of the spparatua required for electric 
gaa UgbtlDg li Bhown In Che accompanying illuilTatlon. A. 



ballerj of about « Leelanohe cells c, c, etc., Joined up in secieB, 
Is ixinnected to one terminal of a spark coil k, the other tei- 
mi nal of which iB soldered to a gas pipe p. The wire from the 
lyee end of the battery is carried up through tbe house, and 
branches are run lo the burnera, as at 6, whereTec needed. 
The insulation of this wire must be very thorough, special 
preeautlone being taken when it Is earrifed through or along 
the Bstures. The burners are provided with a chain a 
attached to a movable contact spring, which la drawn past 
tbe burner, producing a spark of sufficient inlen^ty Co lgnlt« 
thegasifitiBpreviouBlr turned on, 

Qaa brackets usually hare but a single pipe; the wire 
should be run on its lower side. A short helix should bp 
made at every flexible Joint to prevent breaking of the wii« 
through frequent turning of the bracket. The wire used la 
No. 20 or 22, B. & S. gauge, well insulated, and colored losnit 
the bracket. For the house circuits. No. U or 16 wire should 

In multiple gaallghUng.aflne wire Is run fromoDebDmer 
to another of a group, leaving a small air gap at each one. and 
a very hlgh-teuslon current is used, geaerated by a small 
factional machine, caudng a Bpark at each burner. The last 
contact In a series of burners is connected to the gas pipe. 

The National Board of Fire Undernrlters prohibits the use 
of electric gas-lighters on combination gas and electric light 
flitures, Ifnired for electric lights and connected. 



PLUMBING. 
PLUMBING MATERIALS. 



KtoiiUackiiO' vertical line of pipe extending through the 
roof and receiving the dlecbargc of <>□« or mui-e water cloEete. 

A waste alaclc is a pipe eilending through the roof, and 
receiving the discharge from any flitures except water 
closets. 

Waste pipes are pipes that carry the dlsohaixe from the 
flxlurea to the soil elaoke or drains. 

Yeat stacks are Teitical lines of pipe extending up through 
the roof and ventilating a number of fixture traps or waste 

VfMt pip^s are Bpecial pipes provided for ventilating (he 
system of drainage or waste piping and for preventing 
siphonage and back pressure. 

A linck--iviU pipe Is a pipe connecting a trap with a vent 
stack or directly with the outer air. 

A Imp Is a device through which liquids and parllcleg of 
solid waste matler may freely paea, but which prevents the 
passage of air In either direction. 

\Jteih-air inlet Is a pipe extending ftom the honse side of 
the main drain trap to some point outdoors, where It is open 
lo the atmosphere. 

Rain Ifoders, or condurfoie, are pipes that conduct rain 
water from roofs to house drains, cisterns, or other places of 
discharge. 

a«spr)r)lsare receptacles built underground to receive the 
drainage from a house system. Leeching cesspools are those 
from which the liquid sewage is allowed to soak Into the 
surrounding earth. Tight ixttpooit are receptaclte that retain 
all sewage matter, both liquid and Eolld, until the cesspool is 
(hU, when it must be pumped out or otherwise removed. 

The term hoase drain Is applied lo (hat part of tbe main 
n and Its branches Inside the walls of the 
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building ei lending to and connecting wllh the house sewer. 

The Aotue eewer is Ihat part of the main drain or sewei 
extending from the roundaUoa wall of (he building to its 
oonDeotloQ with the public sewer, private sewer, or ceBspool. 

A pritale lewer is a main sewer that was not constructed 
by or umler the saperviaion of the City authorities; allhough 
It may be constructed Inapulilic highway. 

Flneh fillinat or reeeiatd dvainage JIUi'19' are threaded for 
screw conaections (o pipes. The bore of the llttlngsare flush 
with the inside of the pipe. 

Roughmg-in is the installation of the soil, waste, vent, 
and supply pipes D-om the points at which they enter a 
building, or through the walls or floors where the fixtures 
are to be set. In new buildings, this work Is erected beibce 
the walla are lathed or the floors are laid. 

Fininhing is the setting up of the plumbing fixtures, and 
the connecting of tbem to the soli, waste, and supply pipes. 
This work la done after Ihe plastering is finished and the 
floors ore laid. 

Solder joints are joinis in which the parts are Jomed 
together by soft solder. 

B'-aied joinU are those in which the parts are >oined or 
fused together by the use of a solder made of granulated 

ll'lped JoiiUe are those in which the solder is flised on the 
joints and wiped to a neat smooth finish with a wiping clotb. 
The Bccompanyingilhislratlon shows different kinds of joints 
commonly used in plumbing. 

A .Kiu Is a substance applied tc 
becoming properly fused to the 1 
the crevlcea of the joints. 



C*)t'l(«n SsH Pt»M.~These should be uniform fn thick- 
ness and homogeneous throughout. They should be tested 
with water pressure and then coated with asphaltum befbre 
being used. 
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TheiK pipes come in a' lengths and are knovD M eMra 
heavy. The malier'a name should be cast on each pieca 
Any pipe lighter than the following EhouM be I-^)ecled. 



Inches. 


-^S 


Sr- 


Weight 


2 
6 


1 

17. 


10 


27 
to* 



Cast-iron «>tUplpe,^npaelionld coneepond with the grade 
ofplpeaueed. They should have easy curves. No sharp «>° 
bends or t branches Bhould be ui>ed: only obtuse angle flt- 
lings. Fittings are made as staple goods at the following 
angles: 90°, 45°, 22|° lli°, and are known as quarter, eighlli, 
Hlileenth, and thirty-second fittings, reEpcotlvely. 

The various forms of east.lron soil. pipe HttlngB Ihst are on 
the market, and Ihcii trade names, are given in Figs. 1 and 2. 

Cast.iron soil-pipe jufnft are made with picked oakum and 
molten lead calked solidly home In the sockets; 12oz.or soft 
pig lead must be used In each Joint for each Inch In diameter 
of the pipe. 

To cut a cnst-tron soil pipe, it should be laid on a mound 
of earth, if practicable, rather than on a stone or a block of 
wood. A groove is then cut around the pipe either with a 
cape chisel or a thin and sharp cold chisel. The chisel should 
not be held square with the pipe, but should be inclined 
toward the end of the pipe, the object being to chip a V 
groove around the pipe. After every blow of the hammer 
the chisel should be shifted, or (he pipe should be turned. 
When the groove has been cut deep enough, the pipe can be 
broken offclean anil «|Hare by a sharp blow on one end. 
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Wroifht'lraa Md Stall Pipti.— When med for drainiige 

purposes theee Bhould be atamped with (he mater's name. 
They should be galranlzed and conform to Ibe following 
table: 



Nominal Diameter. 


Thickness of Metal 


Weight per Foot. 


Inchee. 


Inches. 


l-oundB. 


U 


.14 


2-7 


r 


*21 


7*5 


St 


'.n 


M 








It 






6 


!25 


14. S 


e 


.28 


18.8 














9 


M 


33:? 




.36 










12 


.m 


4B!o 



FUiinffe for vent pipti OB wrongbl-iron or steel pipes may 
be the ordinal^ cast or malleable steam and water Uttlng?. 

FiUinsefor vkuU or toil pipe* must be Hit special, eitra- 
heavy cast-iron, recessed and threaded, drainage fittings, with 

uniform grade la brandies of not less Ihati i in. per ft. 

AWjoiati must l>e screwed joints mode up with red lead, 
and the burr formed in cutting must beearefully reamed out. 
When the male threads are serened up lightly, tbe ends 
should abut each other In the couplings. 

Short nipple) on wrought-iron or steel pipe, where the 
unthreaded pipe is leaa than II In. long, should be of the 

SriH Ssll, Wiitt, ind Vtnt p|p*i. ind Soldtr Nl»pl».-These 



ealed, » 



bing 
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o( standard iron-pipe gauge. Connections on bran pipe and 
between bmss pipe and trapBoriron pipe mnst not be made 
witJi Blip joints or conplinga, Tlireaded connectlone on breea 
pipe ebould be tapered and of the same size as iron-pipe 
threads, Tbe following avei-age thicknesses and weights per 
lineal foot sboald be employed: 



WEICHt OF BRASS SOIU WASTB. 


AND VENT PIPE. 


Nominal Diameter. 


'SS- 


"•"S.IL'""- 


f 

Si 

f 




w 

21 
22 
23 

2fi 

as 


2,8 

13.1 
15.4 



least weight of cast-brass 1 
be as follows: 

WEIOHT OF BRASS 



extra-heavy cast 
Q diameter. The 
er nipples should 



FeiTules. 


Nipples. 


Inside 
Diatceter. 


'ssr 


Inside 
Diameter. 


w^t, 




In. 


Lb. 






.. 


0.. 


Oz. 






' 




1- 


! 


12 


14 
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'e should be talcen to tnspool all coflt^braa 
ferrules befbre catklog tbem In place, aa the; are very liable 
to have aaod bolea In ibem, which viU cause aanoyance In 
teiUag the roughing when finished. 

RtSHi Oiilnifi Flttlnfi.— These fittings, someUmeB OBlled 
jiuihJUtingi, are used in connection with wroughMron pipe 
In the InstBllatlon of drainage systems. The DvTham tyilcm 
Is constructed of wrought-livn pipes and flnah fitlinga. The 
essential feature of these fittings is that the bore oflbeatliog 
Is the Mime as Ihal of tbe pipes with which they are used, 
can be had plain, dipped In asphaltun 



zed, the latter being co 






pl[iea If ordinary pipe flttingf 



shown In Fig. 3. Commencing a 
rlfthl their names are: T branch; 
43° bend: double T V branch; T 



ly used In oonjunction with 



■A for drain- 



trap with tno clean-outs; 

Litd Plp».— The weight of lead pipe 
tbe following Ubie: 



become choked, because 

only used by plumbers are 
(he top and reading to the 

r Y branch; 90" long bend; 
wllh side outlet: short 90° 

bend; lljo 1 






d conform U. 



Nominal ■ 


Founds. 


Nominal 
Diameter. 


Weight 


» 


f 


4t 


1 



This grade is known jn commerce as u. ah leau [raps 
and beods should be of the same weight and thlcknea u 
their corresponding pipe branches. 



FLIMBIHO. 



MlinllinMUi H*l«rlili.— Oiil:uin Is a hemp fiber 
with pine tar, and capable of being packed very tightly : 
crevices. It is used eitendvel; for calking Joints In 




AiphalUm Is a native mineral pitch ot 
Fively for coating pipes. It is black or dark bi 
iDd fractured Burlacee have a hlgb Ineler. 
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gravity Is about l.IO. It melta readily ami burn* witbout 
residue, being eomplelely soluble in petroleum or turpentine. 
Pipes that are to be coated should be healed to Ibe melting 
point of the aephaltum before being dipped. 

PlaatiT of Farfi le UEcd in plumbing chiefly for setting 
marble work. It should be mixed with water in nnall quan- 
tities lo the consistency of thick eream and should be used 
as quickly as possible, for it sets rapidly. It should never be 
disturbed v/ben eetUng nor used after It has begun lo set. 

Portland cement is used by plumbers chiefly for joining 
earthenware pipes. For tbal purpose 11 is best when mixed 
with an equal quantity of clean, sharp sand. Good Portland 
cement will set under u-ater. 

SoimtUUe eement la not suitable for joining earthenware 
pipes, but may be used for building manholes and similBT 
masonry. It is similar lo Portland cement, but does not pos- 
sess the same degree of strength or the property of setting 

Giasiert' patty Is a mixture of aliout 7 parts, by weight, of 
whiting to S parts of boiled ilnsced oil, When mixed ivith 
while or red lead it makes a suitable cement for bedding 
down water closets. 

Red lead is an oxide of lead and is sold in powdered form. 
It is used in plumbing chiefly as a paste for pipe threads, and 
lo mix with putty for bedding purposes. Bed lead is pre- 
pared for use by being mixed to the consistency of batter 
with boiled linseed oil: only a small quantlly should be 
mixed at a time, as It sets In a short lime and becomes rery 
hard. 

WHtUlead Is a carbonate of lead ground to a line paste In 
boiled linseed oil. It Is the basis of nearly all good house 
paints, and is used by plumbers for the same purpose as red 



To Install a credilable plumbiug Job It is necessary lo 
good material only. All materials should be Inspected w 
tecelTed and before being accepted. 
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Black ihaHroa Bbould be examined fOi fiawBor botes on 
ils surfore. for equality of tblckneBS, and as to its llabiUt; lo 
crack If bent sharply ellher with or aciosB the grain. 

Galvaniied sheet iron ehould be examined for tbe same 
defects aa black sheet tion. The zinc coating may be teet«d 
by bending the iron at a temperature of about 60° or 10= F, 
If the zinc adheres properly to the Iron it wili not scale or 
peel off. 

Shfet copper, theet lead, and theet sine are generally accepted 
as tbey are placed on the market. 

Lead pipe should be eoll and pliable. Examine Ibr klnlu, 
bruises, and punctures caused by rough handling during 
shipment; otberwiscH it is placed on the market in good cou' 
dition and requires no farther inspection. 

Tin4ined leaA pipe should have its interior surface exam- 
ined, tf possible, to see If it really Is tin-lined. Siiave off the 
end of the pipe square and clean, andascertAin the tbickuess 
of the tin lining by breathing on the freshly cut end. The 
breath will discolor the surface of tbe lead with a thin blue 
(coating, and (lie tin will remain bright. The thickness of 
tbe tin lining will thus become Tiaible. 

Bloek-iia pipe, like lead pipe, is generally accepted as 
reliable in tbe form placed on tbe market. Pure block tin 
may t>e detected by a peculiar crackling noise it makes when 
lieliig bent at ordinary temperatures. 

Seamleei bivM tubing should have an equal thickness all 
around, and should be slightly annealed to prayent Its being 
loo brittle for working. The very hard varieties are liable to 
split, not only uhlle In the pipe vise, but after they have been 
in service for some lime. Tinned semlanneoied pipe Is 
strictly reliable. 

In brazed brate and copper tabing the brazed seams should 
be examined carefully. The seams should be unifonnly 
loaded with hard solder and thoroughly sweated. 

Galcaniied-iron pipe Is sometimes partly cboiced by the 
£inc used to galvanize It clogging In lumps. This may be 
detected by rolling a marble a size smaller than the pipe 
through its enUre length, or. If possible, by looking through It. 
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The qiisllty of the galyaolring may bo observed b j bending 
the pipe at BD ordinary temperature, to an easy tiend. If the 
g&lyaniziiig la good it will remitln Intact, Gelvanized-lron 
pipes are liable to be quite brittle, but this britlleneas does 
not seem to affect the durability of the pipe. Theductility 
of galvanlied-lron pipes Is less than tbatof black Iron pipes, 
and wmetlmes Is so low that if the pipe isbenteuccesefullr It 
cannot be bent back without bieaking. 

In black wTougbt-iTOn pipe the welded seam that runs the 
nholelengtb of the plpe^ould be scarcely visible, and the 
pipe should have a smooth eiternal and Internal enrftu^. 
The pipes should be straight and the threads cut clean. 

Mid sted pipe Is tbe same Id dimensions as wrought-lron 
pipe, bulla softer, more easy to cut and thread, and Is more 

Woodea pipes should be examined chiefly for knots, splits, 
and crosG-gralned wood, as these weaken the tube- 

Cats-iron aofl pipes should be eiamined lot sand holes, 
flaivs, and splits in the pipe. A ttacture can be .detected b7 
tapping the pipe with a chisel or smalt hammer. If tbe pipe 
la sound, It will ring clearly when struck; but If orached, it 
will give a dull, harsh sound. Sometimes the core will shift 
nheu the pipe is being cast, particularly If the pipe is cast 
horliontally, in which case the core is liable to rise In the 
middle. This will cause the metal to be thicker on one side 
than the other of the pipe. Irregularities in thickness can be 
delected by irregularities of the sound when rapped with a 
hammer at various points. 

flaws, or places where the metal has not flowed together 
and become properly united, can be delects by sounding 
the pipe with a hammer, or by Its appearance, If the flaws are 

EarUien drain pipes are liable to warp and twist In firing. 
They should be examined for an equal caliber, Bmooth-glazed 
Internal and external surface, and particularly for cracks 
around the back of the socket and irregularities within tbe 
socket. Pipes baving brokeD or crooked sockets should be 
rejected. 
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FiUingi for wroughUron and brara pipe ihonld !» 
inspected toT sand holes ajid flaws; the screw threads should 
be deep and full. Fittings fOr casC-lroa drain pipe«shoald be 
examined for sand boles, gplita, and other flaws, and for 
lumps and other obetructloDs to the free flow of tt 




Fittings for 



n pipe should he examined for irregular 
1, or caliber, for craoltB, protruding pieces 
of salt glaze, abrupt turns, etc. The sockets should be 
eiamlned to see that they are round and of proper depth. All 
defective fittings should be rejected. 



PLUMBING. 

HOUSE-DRAINAGE SYSTEM. 



The drainage system In a building usually coosleU of a 
main bouae drain, stai^kB of soil, WBSle, and vent pipes, stiorl 
b»Dcb coDnecllons, niln leadera, aod yard and area drains. 
The vent pipes are a necessary aooompanlment. The vartous 

Fig. J. 

Main-drain and rain-w 
tageouflly be airanged in i 



The maln-dratn trap '> Is provided wiili iivo braes screw-cap 
clean-ouls flush with the flc»r ofthe manhole. The raln- 
WBler leaders disebarge through the pipe A into a rain-water 
trapr, which Is set a llttlcjhlgherthan themaiu-drain trap, so 
thatthe rain water may discharge into the sanllary T fitting d 
on the fresh-air Inlet pipe f. Each underground trap ie thua 
accessible and can easily be cleaned at any time. 



Slu) of PIpM.— House sewer and drain plpee must be at 
least 4 in. in diametei: where water cLosels discharge into 
tlicm. Where rain water discharges into them, the house 
seiver and the house drain up to tlie leader connectioQS 
should be in accordance with the table "Size of Pipe for 
Drainage." The various soil, waste, and vent pipes should 
correspond in size to that given in the table "Least Sizes of 
Soil, Waste, and Vent Pipe." 



I>iaiiiet«r. 


Drainage Area. 


Square Feet. 




Fall i In. per Ft. 


Fall 1 In. per Ft. 


8 


6,000 
6,900 
9: 100 


Iu[300 

nm 

17,400 



All 



lated. 

pil>es that pass through I 



luld 1 



ice occucaulations Inside. In no case should an; of these 
pipes l>e less than 4 in. la dlaiaeler. except In mild clltnates. 
Care should he taken to prevent tbe use of ibe old-fashioned, 
cast-Iron vent caps. If the open end must tie protected. 

Thefresh^ilrlnletshonldbeofthesaniedzeas the drain, 
up to 4 in.; for 5" and 6" drains, it should not be lesi than 
4 in. In diameter; for 1" and 8" drains, not less than in. In 
diameter; and for larger drains, not less than 8 in. in diameter. 
Tbe Itesh-alT inlet orifice should have an area equal to that 
of the i^pe. 



LKA8T SIZKS OP SOIL. WASTK. AND VKNT PIPK. 


Name or Pipe. 


Diameter. 

Inches. 








































Vlifh tubs, 1|* waste pipe aud a* trap for set 








































Branch vents for traps lareer than 2 In. 




Branch vents tor traps 2 in. or less 


U 



Fall far Drda ind Wilts PIpss.— The (all ofa drain 
lem should be so arranged (hat the veloelly of tl 
obtained will be not less than about 2J5tt. per mir 
Telocity can be closely Bpproilmaled by pitching th 



Diameter. 


FflU. 


Dittioeter. 


Fall. 


i 


i; fall In 20- ran 


8 


I' fell in IKK ran 



Slias of StMlii.— In propoiUoDlng the sites of stacks Tor 
large Office buildings, botele, etc.. Ibe table "Sizes of Boll 
Staclu" has been found In practice lo give good reBUlla fdr 
tbe corresponding number of Hinires. 



SIXES OF SI 


31 L STACKS 
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The tabulated sizes of vent slacliB have been found to give 
■ good results with the aooompanjing sizes of soli or waste 
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be ul true *lth respect to ihel 
of Tntps and Back-VentE" glv( 
of plninblnu tlitures and th 
pipee, called bavk-venlt. 



water aeali. The table "Sizes 
tbe alzea or Uaps for all kluds 
rtzeRof eorrespondinj vent 



P tRAPS ANO BAOK-VENTS. 



Kinds of Fixtures. 


Diameter of Trap. 
Inches. 


Diameter'afVent 
Hpes. iQcbei. 
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Under oidinar; atmospheric condltloni. tbe water forming 
the seal of a venlilaled siphon trap will be losl by evaporalioa 
Kithin 30 da. when the flxlure is not used. 

Hil|lit at FliturM.— Tbe most suitable beights abore the 
floor at which to set plumbing flxtures are as follows: Slop 
sinks, 28 In.; nrinali, 20 in.; wash basins, 30 in.; laundrj 
tubs. S2 In.; kitchen sinks, 30 in.; pantry sinks, 30 in. 



by 
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Hliuli of Tait*.— Drainage systems in all well-regulated 
les are Inspected and tested twice before being passed 
lUlhorities as perfectly sanitary. These tests are; 



Ateslof tbe rou^Atnjr in, which consists of the sd 
Tent lines, and tbe Hiture branches, before any pipes are 
concealed, [i) A test of tbe entire system when tbe Hituree 
are all set, the traps sealed with water, and the n-ork other- 
wise complete. 
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Th» Wtlff TmI,— The roughing Wet la Bccomplished by 
clDtdng all branches and ailing the Bystem with waHi 
(If the weather permits), allawing the water to Bland In Uie 
pipes ft>r a certain time, say, about 10 mia., depending on 
the Inspector's Judgment. Any leaks can be detected by 
water flowing from them. In applying this test, parttcuiar 
care must be taken to use in the lower openings plugs that 
cannot be blown out by the heavy pressures that occar at 
these points. 

Th« UlrMt.— Should the weather be too eoW for the water 
test, the compressed-air test la appUed. In this case air Is 
pumped Into the system until the pressure is 10 lb., by the 
gauge, when a valve between Uie pump and the Bystem is 
closed. The presence or leaks Is made manifest by the gauge 
Indicating a decreasing pressure as the test eonttnues. The 
leaks may be located by the bubbles formed when a soap- 
and-waler solution Is applied (o the joints with a brush. 

Th* Smoht Tut— The flnal test Is the more important one. 
The chief objecta are to positively aseeitaUi: (a), if the system, 
when completed, is gas-tight; (b) if the traps have perfect 
seals: (c) if every part of the eystem Is trapped that should 
t>e Irapped; (d) It any back-vent pipes are run into hollow 
partitions, attics, or chimneys. The Unal test commonly 
employed by leading sanitary authorities is known as the 

by the accompanying illuatratlDn. The smoke machine is 
connected by a nibber bose a to some pipes that are joined 
together for Ihe purpose of Illustrating the principles, and 1< 
composed of a double-action bellows b and a firebox, which 
is shown, with fuel in it, at c. A water-jacket surrouitds the 
firebox, and a cover or drum d Is placed over the flreboi so 
as to seal it by water In the jacket, as shown. 

If the lever-handle f is moved dde wise, to and no, air will 
be forced into the firebox through the pipe, which is provided 
with a three-way, lever-handle, shnt-offcock i. The fuel In c, 
being ignited at the bottom, bums upwards, and tbe air 
BUpphes the oxygen necessary for a slow and Incomplete 
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n of the mass. Smoke, consMiueiitlr* Is given oft 
rrom the Bur&ce of Uie fael (which Bhoa Id be old. greiuyoot- 
(4>n wMte gathered as ncnip from the pipe vise) and Is forced 
down through a into the drain^te aysteio. The body ofBreaay 
waste on top of the smoldering layer of waste acts as a flre- 



chcck by cooling the smoke as It ascends. It is necessary 
that a thick bed nf Oiel bensed to prodnce dense, cool smoke. 
Let (he tUoslratloD represent a system of house drains. 
/ being (he mslii Intercepting irapi g, the main house drtUni 
li, the frcah-alr Inlet, j, the soU-plpe slack; *, (he rent-pipe 
stack: J, a Qxtuie Irapi >nd m, its back-vent conoecCion; let ub 
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pri>ceeil to t«st the syelem with amoke. We leave the tops of 
jt and i open, snd then blow dense smoke Into the BTStem. The 
emoke will fall down A, roll along g, and tben rise up in each 
of the rertical pipe lines and so push the air ahead of it and out 
through Ibe open ends on lop. When (he air Is all out, and 
the smoke consequently blows freely from the open ends In 
dense heavy clouds, the ends are sealed air-tight by laying in 
putty a e-1b. Eheet'lead cap over each, as shown at n and o. 
The bellows is operated until apressure' is raised in the soil 
pipes. When the upward pressure on the under side of the 
drum d overbalances its weight, the drum will rise and float in 
the water. The pressure required to raise the drum Is equal 
to that required to supports column of water about 1 in. hlgb. 
In the illustration, the drum is Qoaliog. a pressure of I in, 
water column is on the system, and the cock i is closed, to 
prevent the amoke escaping into the bellows. The etTett of 
the pressure is also observed on the water in the traps I and/. 
If anyleakaarepreseoCinthe system, they can be detected 
by smoke Qowlng Sttaa lliem; if everything is air-tight the 
drum n ill continue to float. 

It (he drum shows no appreciable fall In about S or 10 min., 
the system may he passed as gas-tight. 

If the trap seals are not forced with any pressure less than 
that required to raise the drum, the traps may be passed as 
being safely sealed. 

The smoke machine may he applied to the fresh-air inlet: 
or 10 one of the vent pipes above the roof— preferably to Uie 
latter, as any smoke that escapes while lighting the fuel can- 
Porcelain water closets, particularly those of the siphon- 
jet type, frequently have kiln cracks and other flaws In the 
inside walls, and sewer gas will escape Ihrough these inlo 
the building. The smolte lest will reveal these leaks, by 
smoke flowing inlo the closet bowls Ihrough the flushing rims. 
Many closets otherwise perfect have these Internal leaks. 

House-drainage systems should he tested once a year, and 
a report of the sanitary condition should be furnished after 
each inspection and test. This actton is made necessary by 



th« tkot that the plumtalng' Ii nflen abased to nich an extent 
as to become dangerous; anil seltlemeDt of bulldlngi oflSO 
causes serious leakage or sewer gas, 

SANITARY MAXIMS. 

1. General ■watcr-cloBcl accommodalion should ncTer be 
placed In cellar or basomtnt, but should be located where 
])lent7 of daflight and vculllatloii can be obtained, and should 
open to tbe outer atmosphere eliher direct, or by atr-sbafts at 
lean 3 ft. square, 

2. To prevent damp cellars, subsoil drains should be 
employed where necessary. They must be eftcctively trapped 
from sewers or house drains, and some means must be em^ 
ployed to mainlaln a seal, A check-valve, or back-water 
tnp should l>e UFcd to prevent a hack discharge of sewage 
Into them, should the drains become choked. 

3. Tbe arrangement of all drainage or Tent pipes should 
be as direct as pasable. 

4. If there is a sewer la a street, ever; huUdlng should 
connect to It separately, 

fi. Where the soil Is nattiral, the house sewer may be of 
Titiified earthenware pipe, uniformly bedded and jointed 
with Portland cement and clean sharp sand. This pipe most 
ran straight, and must have a clear bore. 

6. If the soil is Ulled in or madt, the honse sewer must be 
Of eitra-heavy cast iron, asphalt-coated ; of wrought iron, 
galyanlied, and asphalt-coated; or of brass pipes, 10 avoid 
leakage by a settlement of the earth. 

7. When it is necessary to run a private sewer to connect 
with a sewer in another street. It should be laid outside the 
curb ot the street which the buildings &ce, not across lota 
where buildings may In future be erected, 

8. The main hoUEO drains should be run above the cellar 
floor when possible, and be secured against the cellar waits, 
supported upon piers built under each Joint, or suspended 
from the cellar celling by adjustable hangers. 

9. If house drains must be run uitder the cellar floors the? 
should be laid In straight runs, and clean-ouls or InspeC 



dtUDSS eliould be placed BI each branch or change In 

10, All changes In diie^ion ahouM be made with onrred 
pipes or 1 branches and ft or J bends. 

11. Old drains ahonld never be employed for oew balld- 

inge unless first ex- 
amined and tested 
by the smoke ma- 

12. All house' 
draina^ ByateTOB 
should be discon- 
nected Worn city 
sewers by means of 



j,,g J ing trap, such asu 

here shown- 

If the sewage trora a country bunding delivers iulo a 

sea, a river, or open space, the main drain trap may often be 

advantageously omitted. A freah-air inlet must always 

accompany a main drain ti^p. 

13. Fresh-air Inlet orlflces must be at least IS It. ftam the 
nearest window or door, and no cold-air boi for a ftimaee 
abonld be Si> placed as to draw air ftnm them. 

14. Alt VRiit outlets should dischar^ at least 2 ft. above 
the highest part of a roof ridge, coping, ot llght-ehatl, and as 
far as pos^ble away itom the light-shaft and all water tanlis. 

15. Vetit pipes above rool^ must be 4 in. in diameter or 
larger, ami no cowla or vent caps should be used, 

16. Vent pipes passing up through a low roof, and within 
30 It. of any windows in taller adjoining buildings, should be 
extended to safe points above the higher loob. 

17. All drain, soil, waste, and vent pipes between the 
mata disconnecting trap and the vent outlets must beclear 
and unobstructed by traps, check-valvee, etc. 

IS. All house-drainage work should be as acceaible as 
possible, being placed either on the faces of walls or indr- 
ihafta. When placed In walls they should be covered by 
movable pipe boanla 
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19. Krery fiitnie In a, building must be aepaiatdy trapped 

eloKlo««ch Bilure. except Hhereadnk and wutatubamdjoln 
each other. In nhich case the naale pipe fhnn the tabs mar 
jola the Inlet Btde of tbe sink trap below the water seal. 

M. All fiiturea and other tiichirapslnbulidlngsshould be 
back-vented h; a scparste pipe whlcli may deliver lnU> a 
special back-vent stack at a point about 2 or 3 In. below top 
of Biture, for tcncnii-nt or apartment bnildlngs, and at much 
higher point* ir dcatred, for privale-resldenee work, but In 
DO case at points tower than bottoms or fiiturea or bowls. 

21. Where lead-waste or baek-vent branchca coimect lo 
cast-iron stacks, the conneetiona must be made with heavy 
brass fermtes and wiped solder Joints; If to wrought-lron 
or brass stacks, by means of brsas-screwed solder nipples pro- 
vided with a socket to receive tbe lead pipe and form a flush 
Internal Burface, All solder Joints in a plumbing system 
ahould be " wiped." 

22. Special precaution should be taken to secure perfect 
Joints between water-closet traps phiccd atwve the Qoor and 
the branch soil and vent pipes for sanic. Brass Boor plates 
should be used for the floor connections. A smoka test la 
necessary to prove these jolnis. Back-vent horns on porcelain 
tmps should not be permitted, as they soon break oflT. The 
beat modem practice is lo back-vent the soit-plpc waste close 
to the floor connection by means of a wiped or screwed Joint 

23. Overflow pipes ^m all fixlnres most connect to Craps 
on house side of their seals. 

24. All flilure safes should be properly graded lo a special 
waste pipe which must deliver openly at some point, suc^has 
asafe-wBste sink In the cellar. The outlets of these pipes 
should be covered with light flap valves. 

25. Tbe sediment pipe flwm the kitchen boilers should not 
be connected on the outlet side of the sink or other trap. 

28. A separate small tank or cistern should be employed 
to flush every water closet, and In no case should any water 
closet or urinal be supplied directly Ar>ia tbe street pressure 
pipes when there Is any liability of a drawback In the street 
mains, except by properly constructed flushometer valvea. 

37. One water cloeet at least, should be alloived lot Bile' 
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inmttce of % traildlng. Erery b>ott of a 
contain at least one water closet. 

28. Drinking watei Bbotild be drawn directly ^m tba 
■treet maJno. Tank vater may be ueed br wmihlng and 
bathing puTpoiee. 

29. Small tanlu should be made of wood, and if placed 
inside the bonding should be lined with tinned and planished 
sheet copper. 

30. Largei tanlu may be circular and made of eedu 
Btavea or wrought Iron. Overflow ihim euch tanks fihotild 
dIscbaTee on (be roof. Safes are required if inside buildingK. 

31. Orerflow pipes Avm Inside tanks ma; deliver into an 
eaves gutter if available, or may be [rapped and discharge 
Into an open sinb. No pipe connecting to a tank sbould 
deliver directly Into the drainage system. 

drains, must be trapped fiom tbe drainage syBlem. aod the 
seals maintained. 

33. In all cases wbere water comes muddy from tbe mains, 
a straining filter aliould be located in the cellar, to filter all 
water In the building; muddy water clogs boilers, water- 
backB, and cirqulottiin idpes. 

M. A special germ-proof litter Is a very valuable addition, 
and should be placed at a convenient point, to supply water 

35. Steam-exhaust, blow-oif, or drip pipes sbould not 
deliver dirci:tly into a drainuge sjslem. Such water should 
deliver through a deep seal trap, and at a temperature riot 
higher than iW F. 

36. No privy vaults or cesspools for sewage should be per- 
mitted In any place where water closets can be connected 
withacttyBCH-er. 

S7. All privy vaults and cesspools should be frequently 
treated with small quantities of disinfectant, and should be 
Cleaned out thoroughly and often, if water-tight. 

38, All erchitecls should see that every drainage system, 
when completed, Is tested with smoke under a pressure of at 
lenst I inch water column, because the sanitary arrangemeau 
are seldom perfect when this final test Is neglected. 
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PLUMBING FIXTUREa 



Tbemost common iiiaterlatBfi>rt«thBBre(a) porcelaio.or 
eatthennare lined wilh porcelttln enamel ; (6) cast Iron, 
painted or lined with porcelain enamel; (c) tinned sheet- 
copper lining, ini^loEed by an iiron or etee\ Jacket, commonly 
called tron-cled baths. Wood-cased tinned copper tiatlie are 
out or dale. Class (a) is used in (he very flnest of work ; 
class {b) In plain eubslantial work : and class (c| in cheap 
work. The Iwo kinds of balhs which predominate are the 
Roman shape, which slopes at bo(h cuds, and usually hai 
the coQQections at the back, and the Frencli shape, which 
slopes at one end only, with connecdons at the foot. French 
shapes are adapted to comers ; Roman, for placing along 
a wall, away tVom corners. The following dimenslona are 
taken from b list of baths made by a reputable firm : 



DIUINSIO 


NS OF BATHS 










Roman Bbape. 


French Shape, 




• PorCL- 


Enlm 
Ft. 


elU. 


•r; 


™ 


En'i 


Le"ed. 
In. 




2 



5 


2 


S 

Hi 

2i 


i 
I 


t 


? 




LenEth. including 

Wldih'ouKtde..' ■■■. 
Width, including 


1 


WiSthiifroiirim- 


2i 



y 6" bath Is the same height, depth, and width of roll 
le Biles of lliew baths lncrea.w by Jumps of 6 in,, the 
ly bath has same dimentdons excepting leoeth ; aS* E" 
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Potcel^n batba are vuioosly classed 1^ dlflbrenl nulcent 

but usimlli' alpbabetically : ctasB a meane perfect, wltboat 
flaw, warp, or twist ; clam A, alishtlf Imperfect, a llttlo warped 
orrongh la the enamel, bat hardly perceptible; class e, 
defective, badly warped, cracked, and bllateied. 

Marble tafet for batbe are counleisunk to a depth of 1^ In. 
aad are 11 in. Ibick ; tbey usually project fivm 3 to 6 In. 
beyond the outside line of the tiath and Its trimmings, and 
should be nearly flush with the floor. 

Spray ballit and shower batia, flirQiahed with hot and cold 
water, should be provided with a mixing cbaiDber and a 
thermometer, the bulb of which must be located In the center 
of the current Spray and shower comtiinatloiie are supplied 
by makers to flt their baths, bat special opes are also fbmlshed, 
independent of baths. A countersunk marble or s1af« floor 
slab 3 ft. 6 io. square, Is usually Get under a combinatian. and 
the bathroom Boor is made uater-tlght. Porcelain receptors, 
8 R, 8 in, square, 9 in. high, 6 in. deep, with 21 in. roll rim, bi» 
preferable, however. About W ft. of brass tubing, closely per- 
forated with very flue holea, is sufflcicut for a good aptay. 
A shouer should not be less than 8 In. In diameter. The 
height from the floor to shower should be about T it. 6 la. 
The combination should be provided with a S" waste [jpe. 
and a 4" or 5" flush strainer In the Cenler of floor slab or 
reeeptor. 

iSdl and /ODI bofhi vary in sizes and shapes. The following 
are dimetislons of well-designed roll-rim baths : 



CIMINSIONS OF SCAT 


AMD 


FOOT aATHm. 




Seat Bath. 


Foot Bath. 




Ft 


In. 


Ft 


In. 


I^n|h,incl^iSiifltUngs 


; 


8 


1 
1 


10 














Width of roil 'rii' 


a 
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They are connected with a hot and cold nipply and waste 
GODoectloiiB, the eame as plunge baths. 

Baia batlu are a kind of nhowet bath, especlaJly adapted 
fbr bathing establiBhmenCa. and have the advanta^ orer 
plunge baths Ibr such 
places, in that they 
oceupy but little floor 
area, and that they are 
thoroughly hygienic. 



the body twice. 

In alt spray, needle, 

baths, and shampoos, a 



here; cold water en- 
tering ttamugli a, and 

hot water through b, 

sre admitted to the 

chamber e in email 

jets and thoroughly 

mixed before passing 

Into the discharge pipe 

d, the lop of whlub 

aiacbarees through the — „ 

Bhower, or the shorn poo 

attachment as desired, A thermometer e has its bulb ait- 
tending Into a circuit of mixing water, to indicate the temper- 
ature of the mixture. The difference between shower and 
nun baths is that a shower (blls in large drops at low Teloc- 
ity, and the rain comes In nilnute]ets at high velocity. 

Sunten ballu are simply large pools ami below the Boor 
level ; they are made of wood, brick, or terra ootta. and ore 
llDcd with sheet lead or copper, or ibced Inside with enameled 
tile. The dimensions and capacity depend upon the sise of 
the room. The depth varies from 2 to 4 tt. Water Is dsus'' 



provided at the end, tmm a point above the floor l«Te1. u 
trora a no2ile attached ftgftinst the wall. Wa«le and overflow 
coDDectioiis are provided, similar to oidlnar; batha. 



Wath baitntme known as round aod Oval, and ma; be had 
nltb or wllliout overfiow attached. Sizes of round bowls are 
10, 12, 13, 14, 15, 16, 17, le, and 20 in, in diameter, measured Oom 
the outside of the flange. Oval patterns are 14 in. X 17 In., 
I51n. Xlflin., 161n. X21io. Tbe 16" round, and the 15" X 19" 
oval basins are generally used. Wash basins should be aet 
near windows, in a position convenient to put a roirror over 
them, so placed as to have the light [torn both aJdes. 

Marbiebaiia^abeaieliia, thick, countersunlcontop, and 

have molded exposed edges. Large slabs should be 1| In. 

thick. Basin slabs are right or led hand, according as they 

eeCinacomerat the right or left hand as a person &ces (lie 

basin. Ba^ks are usuallf S, 10, or 12 In. high, aprons b In. 

deep, and tbe height lh>m top of slab to floor is geaeially 

2 11. 61 Id. Comer basins should t>e 

provided with back and end plates ; 

ordinary haains, with back plaW 

only : recess basins, vlth hack and 

two ends. SaSee under bosliis are 

the same size as the slabfl. 

WATER OLOSETS. 

Pin *nd Plungar Clouts.— These 
have been condemned b; health 
boards and sanitary authorities for 
the past 20 years or more, and should 
never be used; any old ones dlB- 
covered should he replaced by closels 
of modem construction. 

Happars, — Hoppers or washdown 

' Pra 1 closets are dealgnaled as ilioH or long 

hoppers, according as thetr traps are 

■*"^e or below the Boor. Long hoppers are only used where 



thew is danger of the trap being frozen, in whlph caae the 
traps are placed below frost level. A long hopper ia shown In 
Fig. 1, while Kg. a illusltates a short hopper. They can be 




Fig. 2. Fio. 3 



had In porcelain, glaied earthenware, or cast Iron painted 
or enameled. Short hoppera are fitted with a fiushlog tank 
orerbead ; long hoppen aie usually fitted witli a valve below 
bost lerel. 

Waahool CloMti.— They conelet of a ba^n and trap, both 
above the floor. They diffW from hopper clo»etB in that the 
water in Che basin leseparate 
ftom that in the trap, as 
shown in Fig. !l. They are 
generally used on good com- 
mon work, and are thor- 
oughly sanitary ; but, being 
somewhat noisy, are not so 
desirable as siphon closets 
Ibr dwellings. 

Siphon CltHti.— They have 
their contents removed by 
siphonage through a long 
crooked outlet, the wat«r in 
the basin being employedas Fio.i. 

a trap. They are almost 

noiseless in operation. There are many kinds of these closets 
on the market but the most reliable are the simple dphop 



202 PLVMBISB. 

KirangenLQTLtA with fluahiii^ rim, oa Hbown la accompcmylii^' 
£guie. Those having a low-down tank are the most alleiit In 
action. Poeumadc Blphon-jet cloeeU are too complicated to 
be reliable. Fig. 4 shows the closet In action ; the dotted 
lines show the wateichaDoelsror the fiuBb. 

The dimeoBiona of cloGcta vary couxidenbly ; the follow- 
Ing, however, is good practice : 

Width of bowl over all 03 in. 

Height Itom seat to floor IT in. 

Depth from wall to front of Beat ......23 io. 

The dlEtances from the center of the outlet opening to the 
walla, etc.— or the " roughing'in " dimensionB. aa they am 
called— vary with nearly every closeL 

Litr I no.— Latrines are used chiefiy tor prisons, tltctorlea, 
etc.. and are set up in ranges of two or more, partitions tielnK 
placed between each latrine, about 24 in. apart. The waste- 
pipe aection is osually 5 of' e in. in diameter, and the flush 
pipe S or 4 in. They are flushed by a large tank, located 
about 6 It. above Che seat, the flash pipe being connected to 
the botlom of the latrines. 

Cl*)*t i)iti|g».— Closet ranges, used in schools, (aclorlei, etc, 
are merely large troughs with one outlet and a Bushing 
arrangement. They ahould be simple andhaye no mechanical 
porteCogetoutoforder. There are many different kinds, bat 
the automatic-BUpply range is probably the best. The comM- 
nationa are of 3 lengths. 24, £T, and 30 in. between parUUona ; 
height from floor to top of seat, ifl.eln.; bdght from floor to 
top of iron partition, 5 It. 10 in.; depth of partition, 2 ft. 2 in.; 
width of ronge, from ilxint to back, 1 K. 7 in. They can be 
had painted or enameled. Jf a hot chimney Is near, It Is 
advisable to use local vent-closet ranges, and in such case 
allov about 15 in. extra length for a ventilating GiLtenMon. 

Cloatt S**ti.— Closet seats should be made of haid wood, 
and the gn^n arranged so that the scat will not warp, sliver, 
or fall to jdeces. Quartered oak, in two or three layers 
crossed, or In one piece wllb dowels or cross-strips, seems 
to be the best material. The scat should be secured to tho 
porcelain bowl. The bole should taper Oom back to fron^ 



and li*Te Ibe Bbape and dlmendoni ihown in Fig. 5. 
upper sui&co of tlie Beat 
flliould be propeilj couDt^r- 



■•at VtnU.— Uanj clDHets 
are i«ovlded with horns 
above the waler-Une io (be A- 
bovl, tbr the purpose or vet 

UlBtlilg tbe bowl. These ai 
of no use, bowever^ unles 
Btrong, positive draft is coi 
intained Id 



. ThCE 







pipeiB preferttblj' 3 In. tor each 

closet, and aot less than 2 In. """^^ '^ 

Two or three closets may local vent Into a i" pipe, tb« 
rize or the pipe increasing with the number of closets con- 
necdnglo It. All closets having home attached to them fbr 
hack-TenUng traps should be discarded, as these honu eaillj 
bieali off. All connections between metal pipes and porce- 
lain should be bolted flange Joints, without horas. 

Floor CanaagtlsDi.— The ordinary braas-bolted Boor flango 
makes a good connectian. but If it is Dot perfect there Is no 
means of knowing the &ct. One of the best floor conoec- 
tloDi tor a closet is shown in Fig. G. This la a waler- 
seal^l floor connection. The 
pipe a Is continned it In. 
above the flnlshcd door, the 
end being rounded and free 
troxa burrs. Tbe Boor is 

supporting fiange b which is 

attached to the pipe. A 

brass flange c compresKS the 

rubber gasket it against the 

^ , porcelain when the bolts e 

are diawn up. An anunlar 

space ts thus fbnned around the neck of the pipe a, which 

Ills with water at the first operation of the closet, thus osal 
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ing the coanectlon. If (he conDecUon leaks, thia water will 









CwMt CItUrni.— Tbere are B. vaiiety of Muds of closet cls- 
terna on the market, some being stmple and othera com- 
phcated. In choosins a closet tank, (1) select for flushing 
qualiUea; (2) quletnets in action; aod (3) Eimplldtr of con- 

cloaetH 

in.X12 
in. X 10 in. It is provided 
wllb a ball-cock a and an 
outlet valve b ivMcb la 
operated by a lever c 
boiled to a cross-bar d, 
lever being worked 




I hoppers; i 



by I 



chain pull. The 



^"^- '■ flow which discharges 

into the flush pipe e. A deafening pipe /deadens the noise of 
the incoming water. The volume of flush from this tank la 




aiphan, fbrtned by the 

shell b snapcndcd 

over, and attached to. If. a 

an inner standing Inbe, 

which Is secured to the valve a. A Te0 to the bowl Is 

obtained by a slot in the lower end of the dphoa tube o 

which causes (be dpbon lo break gradually. 



: lever leattacbetl 
that when ihe Beat Is 
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Kg. 9, If 




able foi siphon-jet 

closets, and wash-out closets requlringarehl] to bowl, is gDown 
la Fig. ID. When the float a le raised It remains buoyed 
up until BuffloieQl water has passed through the closet, when 
It returns gradualty to its seat. The pipe h serves as an over- 
flow and at the same lime gives an abundant refill to thebovl. 



valves away from the 
edges are preferable, for 
the wood le liable to 
warp and cause [he lock- 

Water-rlGsd fUnr sfoAff 
27 in. square. 






round 



the closet. When ordered in a close! combination the bole is 
cut. and the countersinking done, by Ihe manufacturer. They 
can be hud in Italian or Tennessee marble, anrt elate. These 
ilabe are sent with unpolished edges and comers, unless other- 
wise ordered. When the slabs are la be drilled for pipes, a 
diagram should accompany the order, ^ving ei 
lo cenlere of openings. 



Uriiml rsngee ore lipped Irougbe with partiCtom set 2 ft. 
■pan. They ere most satiETachiry when Bushed b; an auto- 
maUc-Eiphoii tank which dlsebarges through a large jetat the 
nppei end and a eprny tube at the back. The tank should ba 
at leniBt 4 ft. aboye the spray tube. The outlet to trough 
Bbould be arranged with a slphoii which will automatically 
discharge contents wheu the supply tank discharges. The 
period or autamatlc SusheaTarywlth the water supply ; gcMid 
flushes are obtained if the interval Is ^m 5 Co 10 mln. 

Urlhal ranges are made of cost iron, either plain, painted, 
or. preferably, enameled. The usual dimensions of a urinal 
lange are about as follows : Height of partition, 5 it. S in. ; 
width ol partition, about 1 ft.Sin.; width of urinal, ftom back 
loftontof lip, 11 In,: depth of trough, 6 In.; regular height of 
Up, 2 ft.; the height for children Is 1 (I. 2 lu. 

Individual urinats are made of porcelain and are provided 
with at least two openings, one forthe flush and the other tbr 
the discharge. The best class have perforated Sushlng rim^ 
and overflow openings Inside. They are known as flat or 
comer urinals. The best forms are those In which the trap 
is combined with the bowl, and arranged to be connected 
without any metal being eiposed. The connection between 
the porcelain and the EDCtal Is usually water-sealed, which la 
advantageous. The waste pipe is provided with a flange and 
bolt (or making a perfect junction with the earthenwaie. 
When a flushing tank is used, the combination is simple, 
efficient, and hygienic-. 

Individual urinals arc set In stalls, the height of ivhich 
stall should be at least a tl, S in.; width in^de, 2 ft.; length 
of partition. 2 ft.4tn.; depth of middle partition, 1 fl.gio. 
Middle partitions stand on nickel plated brass legs about 10 
in. high. The siieof urinal cisterns should be, for 2 urinal^ 
• 2-gal. cistern ; B urinals, a 3-gal. clsCerh, etc. 



Sinks are generally classified aa kitchen, pantry, slop, ind 
■table slnliB, and arc made of dlftbieDt maleilalB and In 



Kitchen rinka u« generBll; reotangulax in plaD. and u* 
not provided with plug and chain, or overflow openings. 
Special Idtcben rinks are fumistied to order with OTeiflow 
id plugs. 



n Inside: Otheb Dimensions OrraiDE.) 
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All sinks Bhonld be fitted np open, that is, no woodwork 
of any doseription In the form of boxings should be allotced 
near them, for these boiinga become moist and foul, and 
make bteeding places for coekroachcs and other rermin. 
If possible, the walls against which sinks are set should beef 
glazed tile or olhcr maletial of a non-potoUE eharacler. 

Eloping drain boards should be provided at every sink. 
Ash or oak from 1} to 2 inches thick are well adaplcd for 
drain boards. Einks that are not cast with sloping bottoma 
should be set so that the bottom will have a &11 towards the 
strainer. The faucels should be located. If possible, at tbo 
end opposite the strainei. 
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Sizes OF C abt-Ibon Slop StMKS. 
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Porcelain ^aks can be had with a plain (op or roll rim. 
Copper pantry sinks are Tuade In either square or oval pat* 
terns ; tbv forn]{!r has a fla,t, ajid the latter, a round bottom. 
Sizes for both patterns are given In the (able. 

Pantfy and kitchen sinks should be set 2 fl. 6 in. or 211. ;hL 
trom the Suoi to the top of the cap. 8!op sinks can be had 
with or without oTerQow and plug. These sinks should be 
set at such a height that the rim will be not more than 24 In. 



from 



window for Kgbt, near the 



Laundry tuta, generallj' Bpeaklng, are insde Of date, 
cement, uapstoae, gl»zpd earthenware, or solid porcelain. 
Wood, cast iron or aheet meel are not euilable materials for 
vash tubs. Tuba used >□ tenemeot and apartmenl houses 
Should be provided with overflows. The height ot waah.tubs 
ftom floor to top of riai Is from 32 to 36 io. The iiringer 
should be set on the rlght-hand tub. 

The following tables give the average rizes of alate aod 



BLiTE Tt-BS. 


Cement Tubs. 
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Earthenware and porcelain tube come separately, and are 
connected up ^ngly or In sets of % E. or 4, as required. They 
are made in two elzes, Nos, 1 and 2. according to the dlmeo- 



Length for each tub 

Length required for 2 tubf 
Length required for 3 tubt 
Length required for 4 tubi 
Width from front to back . 
Depth inside 



Ft. In. Ft. In. 
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DIRCCT-PLUSH VALVBS. 

Dirett-connecled flush valvee. as a in the accompanying 
DIuEtrailon, are now extensively used In place of overhead 
tankB to flush water closetSt urinals, or slop sluka. Theym&j 
be supplied with water direct from tbe street seryjce, oi, aa ia 
generally the prncti>^e, froni a special tank In the attic. They 
are made to operate under high or low pressm'ea, but, aa a 



rule, are not suitable for pressures less thau 10 lb. To deter- 
mine wbetbei a Qush valve can be successfully operated [him 
a street supply, flrst disconnect the service pipe, then Cum on 
the water full force and allow it to run for 10 sec. If the 
volume of water discharsed In that time Is not equal to or 
greater thanSgal., it may safely he decided that tb« tester 
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■apply Is Dot BUfflcleDi for a direct flush. The Azea of pipes 
■nd tanks required under dlftbruiiC condJUoDB are as follows: 

A It" pipe flvm Che tank to (he closele la ngualty 
■ufficlent for Avm I to 1 closers. If there are more than 
4 closets, a 2" pipe is usually run down to the Srst lateral, 
reducing at that point to It in, for the rest. Id large Installa- 
tions, a 21" pipe is usually run to first lateral, then reduced 
to 2 in, and 11 in. for the reiQalnder. If the bulldmg is quite 
high, say 10 stories or over, the tiio lower floors can usually 
be reduced Co 1 In, The size of lateral pipe ustmlly varies 
ftom 11 In. to 21 In., according to the number of closets in 
battery on each floor and the distance n-om tank. In all 
cases, take out l|" branches from the laterals, as the valve 
inlet is usually 1} in, 

Lowpramrc fiiiali valvea are used where the tank is less 
than 20 ft, above the closet. High-preiivre vtxiift are used 
where the tank Is over '20 ft. above the closet. If the valve 
closes too slowly, release the regulating screw by unscrewing; 
If too fast, screw it down a little. 

Where possible, the lank should have a capacity of 6 gal. 
per closet. In large Installations, rigid adherence to this 
rule is not necessary, as 6 gal. per closet provides for two 
flushes, one immediately following the other, Asltlshighly 
bnpTobable that all closets would be used simultaneously, the 
rule could be modifled to suit each esse. 



An acceptable method of heating small swimming pools 
Is shown in the accompanying illustration. The deep end of 
thebath is provided withaguttero pltchingdowntoa6"or8" 
draining-off pipe b, having an enlarged brass strainer sunk 
flush wich the bottom of the gutter. A large-size, domestic, 
hot-water heater c of suitable design, IXimished with very 
large tappings for the pipe connections, is set at a point lower 
than the gutter a and Is connected by a 6" or 8" flow pipe d 
and return pipee to the bath. A 3" or 4" overflow pipe/ Is 
furnished with an enlarged brass overflow strainer In the 



tuth. The wnile pipe b and overflow pipe are disconnected 
trom tbe senei by a running trap g. wblch may be rentilated 
■nd provided witb liandbolee if desred. A 3" or 4" pip« A 
delivere Into e juet as It enters the boiler, and a I" plpef drains 
tie boUet into the sewer when desired. To heal Ibe water a» 
it Howe to the bath, the upper valve on tr Is first closed and 
the angle valve shown on the cold-water service pipe A is 
opened until water flows from d into the bath. When tbe 
bath is full, tbe supply tbIvp is closed and both valves on e 
are opened, ao that Che bath water will be tree to clrcalate 
through the heater. The heater lire may then be damp- 
ened BuScienlly to maintain the desired temperature. Tn 
prevent tbe bot water from rising to the top of the pool and 




perforated pipe running the full width of the batb, as shown. 
The mouth of e may be protected b; a brass strainer or by a 
perforated pipe, as desired. 

To compute the olze of heater required for wanning the 
water of a swimming pool 20'XM'xy (Bverage depth), 
assume the temperature of (be cold-water supply to be 16°. 
and the de^red temperature of tbe bath 66°; also, that when 
the bath is emptied It must be filled and heated witbib ■ 
period of 10 hr. The temperature through which tbe water 
must be raised is 65 -15" 20°. The total numberof B, T. U. 
tliet must be iniparled (o 20 x M X B — 5,0110 en. ft,, m 
6,000 X 62.5 = 312,600 lb, of waler in order to raise ita temper- 
ature 20", Is 812,600X20° = 6,250,000 B. T. U„ or 5^?^??? 
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= 026.000 B. T, U. pet ht. A square foot of clean heating 
surface under Ihe usual conditions will absorb about 2,500 
B. T. V. per hr.. so that (he amount of heating suriace 
required is — ^j- — ^0 sq. ft. To make allowance for 
dirty heatiDK surface, BlugglBh draft, etc., JO per cent, should 
be added, lleuce, adding 50 sq. ft. to the beating surface 
atready computed, the heater should have 300 sq. ft. of 
heating surface, or a direcl-radiatlou capacicj of about 
3,000 sq. ft. 

DRAINAGE AND SEWERAGE. 



Seiceragf is Hit; temoTal of sewage. 

Si'paraK lyilemt are those in which drainage water and 
sewnite are conducted in separate pipes, 

Cambineit luifenn are those in which sewage and drainage 
water are conducted In a common drain. 

Separate sewer systems ordinarily need be only about one- 
twentieth the capacity of combined sewer systems. When 
laid with but slight fkll, separate sewer syatems should he 
flushed with water from automatic Bush tanks, placed at the 
highest points In Ihe system. 

Drainage systems and combined sewer systems should be 
large enough to remove the rainfall trma the drainage area 
during excessive rain storms. 

The principal conditions to be considered In designing a 
system of sewers are as follows^ 

1. The area, pbysical oi 
features of the district to 
natural flow of water on Its enrface. In order that 
may be located as nearly as pos^tile In the natun 
channels. 

2. The ralntell on the district with refere: 
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limum inleu^tyaf ptecipitation durlDg a period of Urns 
Buleot to completelr charge Ihe sewer. 
S. . Tbe general character, condition, and slope of tbe 
face with reference to the proportion of the rainEoIl 
it piobabl!' will reacb the sewer tluring tbe time of its 

4. Ttie geological character of tlie district with reference 
ihe depth to which subsoil drainage is dedred: also, with 
Brence to the practical diScultieB to be encountered in 



5. The locptloQ of the outlet of the sewer with reference 
to the final disposition of tbe drainage and sewage. 

These conditloiis, however, are not wholly independeot 
of one another, and the conslileratton of any of them will 
usually Involve some consideration of certaJn features of 






MPERVIOUS SURFACE TO TOTAL 



ATerage 


Percentage of Fully ImpervlotiB Surface. 


Persons 
per Acre. 


Roofs. 


"JSSi" 


^ISe^'^ 
Yards, Etc. 


Total. 


IB 

40 


8,4 

mis 


3.3 

Vi.2 
14,7 


3.0 
b.4 


14.7 
25.1 

Dai 

a 



In America, itiscommoD practice In designing sewertM 
proTlde capacity for 1 in, of rainfall per hr., or 1 cu. fl, ptr 
sec. per acre of the district tributary to the sewer, assnmlnt 
one-hair the rainfall to reach the sewers. This Is probably i 
good average practice, hut it cannot conslsteDtly be adopM 
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■I » uniTersftl sUDdard, for conditloDS tut In dillbrent 
localltlee, end a, capacity salisfu^loi; foi one dlnricl ma; be 
Insuffident for Boother. 

The ratio of etorm-u'ater sewage to the total precipitation 
may be assumed to be the same as that existing between tbe 
impervloua area and the total area. The relation of fully 
Impervloua snriace to total area, according lo denslt)' of popu- 
lation, vaay he found in ttie preceding table. 

The maximura aiuoiint of storm water reaching (be sewer 
ftom luipervious surfaces. In peri'entage of rainfall, according 
to Sir. Knauff. Is as (bllows: 

On flat roofs .40 to 50 per cent. 



These percentages are probably rather low for small areas. 
Id London It bas been found nvm gaiiglngs of the sewers 
that Itom 53 to M per cent, of the roinlUl Sows away aa 

The velocity of flow In sewers atid drains b'lould n^t be 
less than 2 or 3 ft. per sec., nor greater than 4 or 5 ft. per sec, 
if tbe senctsare of brick and convey storm water. If there 
Is mucb sand or grit In the sewage, a velocity of 6 ft. or more 
is liable to wear away the brick vvorlc. 

The fall of brick sewers should be about 1 in 240 'f possible, 
though with frequent fluabingB 1 In 600 may be permitted. 
When it Is less than this solid matter will be deposiied uhicb 
must be removed by manual labor. 

Auiomatlc flush tanks, which are uBually constructed as 
shown in Fig. 1. should have discharge capacities equal to 
those of the sewers into which they dlscbai^e; for the sepa- 
rate system, tbey are commonly constructed with capacitiea 
ranging from about 150 to 250 gal. They should discbarge 
automatical!)' once or, at most, twice during each 24 hr. For 
thorough flushing, the tank should be bo located aa to give a 
head. In feet, equal to from one-half lo three-fourths the 
dlamerer of the sewer. In Inches, The bead required by 
this rule could not, however.be readily obtained for the large 
nwers of the combined systems. 
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11 may be stated tbat the problems ot botli ventilating 
and flushing are much simjJifled in the Eeparal* system. 

Bince the capacity of a, sewer must be sufflcteatly great to 
meet the requirements of a maiimuiB discharge rate during 
AtormSt Che proper ^ze of a sewer is found by ilrst computing 
the volume of water, in cubic feet, Chat must be removed per 
second during the heaviest rulnfall; then, under the proper 
sewer grade lu tbc table "Capacity of Circular Sewera Floir- 



ing Full" find rate of discharge nenrcsl to the computed 
amount to be removed; by following to the column at the 
extreme left the diameter of the pipe required Is found. 

Sewers up to 30 in. in diameter are generally constmcled 
of tile pipe; above that size tliey are constructed of brick ot 
of concrete reenforced with steel. 

Fig, 2 ell 



•ss 


Slope, or Head, Divided by Length of Pipe, 


k 


llnM 


liDTO. linl«lJllna)0.[lin300,|linllXI,'un600. 


Rate of Discharge In Cubic Feel per Second. 


i 


456 


SM 


WK 




ise 


14i 


118 


















































I? 


2,370 


2.400 




'm 


I'lTO 




s 


1^ 








.N1!0 

i 


l.ftM 

3..'.;o 

5.H90 


1.310 


'520 










































iVS 


ifi.uoo 


i3.et» 


1 .3*0 










ja.um 






1 .m 



bepr 








lows 


Total betghl A i' 




<!■ 


idtiin 








ffid; v. 


radH 


n 


of mdes 0' 


Th 


■ 


gazed 





■ C..,„gk. 



The housRdralD A should join the eewer above the lln« d. u 
shown, and ehould be pmrided wilh a Itght, hinged flap ■ 
valve to prevent water fYom the sewer hocking Dp In the 
houEB draiD. 

Sccer Pipe U made salt-glazed and slip-glazed. Salt-glazed 
pipe Is made of a dense clay that vitrlHes when fired, and 
unites with rolC thrown Into the kiln to form an impervious 
surface. SUp-glazed pipe ie made (Tom a porous claj that 
does not vitrify when Hied: hence, it is covered with a coat 
Of vitreous clay before firing to All the pores and give It an 
Impervious surface. The slip glazing does not unite with 
the body of the pipe, however, but forms a thin film over the 
surface that Is easily chipped or peeled oB". 
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SaK-glazed pipe la (he kind moat commonly oaed Tor 
* sewer conalruclion. The weiphla and dimeiulons of yarioua 
■Izes of aewer plpea can be found In the l«,blea of sewer' 
Idpe proportions given. 
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Roof leadera provortioncd as follous have been found, In 
practice, to give satisfactory iceutts: 

For small roofi, l aq. In. in sectional area of the leader for 
each 150 sq. ft. of roof surface. For medium-sized roofa. 
1 sq. In. in sectional area of the leader for each 200 nq, fL of 
roof aurface. For large rooB, 1 sq. in. in sectional area of the 
leader for each i50 sq. ft. of roof aurface. 

In cold climates, roof leaders that caoDOt be exposed to 
the sun should be located inside buildtnge. Then, water llom 
the melting snow cannot tieeze In the leaders and buret tbem. 



Damp cellar walls are due either to water soakiiig through 

from the outside, or to wet bottoms, from which water rises 

In tlie walls by capillary action. The decay of vegetable 

matter contained in diriy water generates gases injurious to 

health, so that the prevention of dampness in walls is a point 

of great imjKirlauce. Provision must be made to convey the 

water away from the walls, as well as to make the latter 

damp-proof, Ko earth should be placed against the wall, a, 

12" or 18" space next to it being filled with broten stone or 

gravel, with. If ptactleable, an open- 

juliiled tile dralu laid at the bottom' 

• (seeiilustralion). The outside of the 

wallsand footings should be plastered 

thickly with l-lo-l cement mortar; 

or, preferably, with asphalt and coal 

tar. mixed in the proportion of 9 to 

1. and applied, uhllc bot, about ) in. 

thick to the dry walls. The asphalt 

course ihould also extend through 

the walls, as shown at the under side 

of the concrete floor, which should 

be 3 or 1 in. thick, and laid on a 

6"or8"bedof broken stone. In place 

I of concrete, a very durable coi_po- 

f sition made of 60 parts of hot 

' asphalt, ID of coal tar, and 30 ot 

eand, may t>e used. 

The ascent of moisture in walls may be prevented by 
inserting on the footing course two courses of roofing elate or 
very hard brick, laid with broken joints in cement mortar, 
or a few layers of tarred felt may be used. 



CDtidilltni —In tall oBict building- hotels, underground 
located beloiv the level of the street aewer Under such 
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condilloDS the sewage from the flooie below the sewer level 
Is oolleelecl in a sump, from which it is automalically die- 

The \ise of pumps for sewage ejectment from builcllngB Is 
not much favored by saiiilary engineers at present, the 
method of removal by means of eompreKeed air being pre- 
ferred. When pumps ate to lie used, however, centrifugal 
pumps may be scleclcd. 

Coiii|ir<uail-llir EjiMion.— There are several designs of auto- 
air, nil of which operate on the same general principle. For 
Instance, they must all have a perfectly air-light receiving or 
sump lank, which should be located In a water-tight chamber 
built of iron or brick. The sump tank must be located at 
such a level that all drainage from the subsener sj-slcm will 
Sow into it by gravity. The inlet pipe must be provided with 
a check-valve Xo close when (he pressure of air Isapplied 
to.thetahk and open freely by the Bow of sewage when the 
pressure Is released. The tank must have a vent pipe that 
operates automatically, to permit the escatie of air after the 
tank has been emptied, biit which closes automntlcaUy when 
the tank is full and the compressed air is applied. There 
should be an apparatus to automatically open an air valve 
and admit comprc^^sed idi when the tank Is full and to auto- 
matically close the air valve when the tank is empty, 
A check-valve should be In the discharge pipe from the lank 
to keep sewage in the discharge pipe from returning to the 
tank. An air compressor Is needed to provide compressed sir; 
receive and store it, and an air pipe from the 
81 k h toroatlo valve on the sump tank. An 

ri a motor is required to operate the air com- 

resso m Uy when the presmire in the air tank is 

ed Th tors should be in batteries of two. each 

be g snifi size to discharge all the sewage from the 

dra g sys m The motors, air compressors, and air tanks 
be a ed in the engine room or other convenient 
wh th are open to inspection and repairs at 
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t*wi|i lltl.— A device thai Is mmmonlir used Id buildiags 

In the preceding lllusltntlon, which illustrates the gen- 
eral principles of tbU apparatUB. Th« seiver ia located at a; 
drainage from the plumbing fixtures In the subbesenient and 
BUbsoll water has to be lemoved by an ejector or lift. The 
main house drain ti Is run ai low as Ibe sewer will allow, and 
it takes the discharge from all ibe Hxiures above It, and also 
the roof naler. The subbasement main drain c is located 
Just low eikough 10 take the discbarge nom all the plumbing 
fixtures located below the sewer level. The lower end or e 
discharges lnf> the botlom of a cast-iron or wroiigbt-imn 
receiver d through a check-valve f. A discharge pipe / 
bavlrig n check-valve g located near the receiver delivers the 
contents of il into ihe house eewcr ft, the connection being 
made on the sewer side of Ihe main drain trap shown. An 
aircompresaori operated by an electric motor J pump« com- 
pressed air into an air reservoir k through (he pipet An 
aulomatic switch regulator and rheostat are located In a 
casing m. A pipe connectslheregulalorwltbthealr receiver. 
The pressure carried In ib is preferably uol less than 1 lb. for 
each foot Ihat the sewage has to be raised. Thus, if the 
distance JT la 15 ft., Ihe pressure in it must be not less than 
15 lb. per eq. in., indicated by (be gauge shown on top 
of t. The apparatus wiU operale wilh a lower pressure 
la t, but the lime required to discharge the contents of J to 
the seu'cr will be much longer and there will be a liability of 
the discharges from Ihe lijilures la the subbasement flll- 

The automatic discharging ofd is accomplished by means 
of three automatic valveen, t>. p. The valve n is a hydraulic 
valve having its inlet connected to the water-supply main 9 
byai" pipe, and Its outlet cotitiected 10 the balanced valve p 
on the vent pipe. These balanced valves work in opposite 
directions; thus, when the valve n Is open, water under street 
pressure opens the valve and closes the valve p. Thto 
allows compressed air to floiv freely into d, press down on (he 
■urfHce of tbe sewage that bas accumulated therein, andthui 
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force It up througb/ to the sewer; tlie rent valve p. hetag 
closed, confines the compressed airln a. As soon as the valve 
It is closed, the water pressure is removed from the balanced 
valves and they reverse their position; that Is, the valve o 
is shut and p Is opened. This action allows the com- 
pressed air confined in d to escape through the vent pipe r to 
the vent stack. The pressure inside d then becomes equal to 
that of the atmosphere, and sewage can fiow ^ely from 



being attached to the balance lever on the valve stem and 
the part Inside the receiver being furnished with a Boat near 
the top and a submerged bucket at the bottom. When the 
sewage has risen in <t to the level of the Boat, the stem is 
raised b! the buojauc)' of the float and the water valve n li 
opened, alloulng the air pressure to force tlie sewage from d. 
The water valve remains open aa the lank Is emptied until 
the water-line falls below- the submerged bucket, when the 
Height of this bucket moves the lever of the valve n and 
sliutsofl'lhe water from the balanced valve. ThuB.lt will be 
seen that the upper float opens the valve n and the submerged 
bucket closes It. The subsoil water from the foundation 
drains dipcharges by gravity through the pipes f, I intoihe 
brick sump II, fllllng this aump outside of the reeelver: cheek- 
valves are placed over the mouth of the pipes I, I inside the 
sump to prevent rats ftom entering the subsoil drains. Sump 
water flows th rough the cheek-valve i' Into the receiver as 
soon as the air pressure Is removed (h>m the receiver, because 
the water-line in the receiver is then lower than the water- 
line In the sump. This check-valve automatically closes, 
however, as soon as the sewage in the receiver has reached 
the level of the water In the sump. The sump should be 
covered with movable iron p!ates laid flush with the floor; 
the valves n,Q,p are usually located under these plates end 
on tiip of the receiver. 

The advantage in having the subsoil water Sow Into the 
Bumpliesin the fiict that should the check-valve v leak, the 



water In the sump will become atightly polluted with sewage, 
wlitch (^an be readily detected b; the engineer. If the snb- 
soil drains were eoiineeled directly to the tank, tbis check- 
valve might leak sewage back Into the subsoil draluswltliout 

building with sewAge mmter, which would be a dangerous 
condition. Should the check-valve e leak, sewage matter 
trotad will be forced back toe and overflow the snbbftsement 
fixtures if the volume of leakage la suSlclently great to fll! 
these Hues while the ejector is working. 

Fresumably thp safest attachment that can be used is a 
sliding gate valve placed close to the check-valve e and 
anoUier one close to u; both of these should be operated by 
a rod attached to a plunger that is moved by uater pressure 
from a. Thus, when sewuHe is being ejected, the gate valve 
at e and r will be closed but will open automatically as soon 
as the pressure In tl Is relieved. 

The ventllallon of the house-drainage system in the sub- 
basement is accomplished by a fre«h-alr inlet pipe w that 
connecis wllh the fresh-air inlet pipe u/ for the plumbing 
system on the floors above. The back'verit connects to the 
Dxtures of the subbasement, l>clng connected to the vent 
stack. In this way thorough ventilation of the Bubbasement 
plumbing can be oblalned. 

Should only one receiver be Installed, It is essential to 
have auiclllary apparatus that will dii^harge the Ecn-age 
while the air-pressure sewage Itit, or ejector previously 
described. Is undergoing repairs. To accomplish this, it Is 
customary to attach a 8team-)et ejector at x on the discharge 
pipe from the sump. Without this ejector, should the motor, 
compressor, or switch he shut down, the tauk jt will lose Its 
pressure and sewage will flood d and the basement fixtures 
while the repairs are being made to the machine. While 
these repairs are going on, It is necessary only to open the 
gate valve on the ejector steam pipe, allowing the steam to 
flow through the ejector i. This will lift the scwo^e ftoni the 
tank (i into the street sewer, but will raise the temperature 
of the sewage presumably about 15 to 20 per cent. When the 
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sewage hae been nieked out by ihe steam ejector, cold wata 
will be bhiit off from an automatic Talve on the ejector Ele&m 
pipe, which will, In turn, ehutoffihetlearo troni the ejector. 
The Bteam ejector, therefore, works intermittently as llie 
tank becomes fliled with sewage. 

The discharge pipe / connects to the sewer side of the 
main-drain trap to prevent steam accidentally flowing 
throngh/ and entering the drainage system, which would 
tuln the joints in the system throughout the building If It 
were allowed to blow up through the soil and yeut stacks. 

When two or more receivers are employed, the oheck-valve 
on one should be weighted heavier than the other, so that 
the recelyer with Ihe weighted check-valve will take the 
eurplns sewage that backs up in the line while the receiver 
With the light check-valve Is being discharged. 

Bhould ao alT-presEure sewage lift work too slowly to take 
Oie drainage. It Is necessary only to Increase the pressure In 
Ihe air tank it. The average job works under a pressure of 
about 30 Co 40 lb, in t, which gives a rapid discharge to Ihe 
tank. 



DISPOSAL OF 

Mathodi at Dlavoiil,— ^»'Bge from buildings is disposed of 
chiefly by the following methoiLs: (1) By connection to the 
street sewer;] (2) by cesspools; (S) by direct or Indirect dis- 
charge to sea, or river, in close proximity to the buildings. 
The first plan Is always adopted in well-regulated dtlei 
having a sewer system, and the work is usually done under 
the supervision of city authorities. 

CssiiMsls.— Where the first and third methods cannot be 
employed, cesspools are commonly used. They should be 
built water-tight if wUhln 20l> ft. of any buildings or within 
100 yd, of any well. Fig. l shows common practice In cess- 
pool connections. The main drain from the house Is con- 
tinued through the cellar wall, a trap a and D^sh-air Inlet b 
being placed outside: el'her a vitrified or cast-Iron sewer 
jJpe e connects with the cesspool d; and a Cesspool vent t Is 
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Itln np the tfuuk of a tree. A tight-flttfng nmnhole cover 
should be prodded for access to tbe cesspool d. 

Tbe eize ol a cesspool must be determined by the approil- 
mateajnountof discharge. The least size for a 7- or 8-rooiii 
house is rrom fl to S fl. In diameter, and from 10 k> 1^ fl. deep. 
The following rule Is In cooimoii uee: For a house with 6 
rooms or lees, maketbe cesspool 8 ft. in diameter; for a 7-room 
house, 7 ft.; Increase the diamelerSln. for each additional 
room up to 10 rooms; then S in. rot each additional room up 
to 20; then li in. for each additional room. , The general 
depth Is from 10 to IS ft. The cesspool should be brick-lined, 
domed over, and, ifpoeslble, provided with anoTerSow. 

Saplia-Tink SjFilin. 
Fig. 'i shows a, septic 
taok having two parts; 
A receiving or Bettllng 
tbamber a and a dis- 
charge chamber b, in 
which an automatic 
siphon is placed. The 
dphon consists of a 
discharging limb, or 
deep-seal trap, c and 
an intake bell d held 
Bseurely In place byits p,u |_ 

own weight over the 

long leg of the siphon. The sewage flows into the set- 
tling ^chamber through the pipe e. the liquid overflowing 
Into the discharge chamber 6 through the deeply trapped 
pipe/. The water gradually rises into the bell d. shutting air 
In the long leg of the siphon. As the water rises in the 
taokb, the pressure on the ale conflned in the long leg of (he 
siphon gradually forces (he water therein to the level shown, 
when the air is ready to escape around the lower bend j of 
the trap. The distance between the water levels In the two 
legs ot the trap is the same as the distance between the level 
of the water la the tank b and the level of the water within 
the bell d. The colamn of water In the short leg g having the 
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same depth as that of the water in the tank above the level 
at whivh the wat«r stands in the bell, the two columns of 
water balaoce each other ac certain depths. When the 
depthof the water in thetanltb is increased, so that a portion 
of the air conllned in the long leg is forced around tbe lower 
bend i of the trap, oarrylne some of the water with it in its 
upward niah out of the short leg g, equilibrium le destroyed 
and the siphon is therehj' brought into full action, diawinf- 
tbe ivaler out of the tank until the pipe A is uncovered, when 
tbe siphonage is broken by the air admitted to the trap leg c. 
A free escape of water from tbe short leg of tbe siphon 1b 
Insuced byacranglngtbediEChargemouthtobe a little above 



the oatlet casting i, as shown. Between the house and the 
septic tank and from the tank to tbe filter hed, where tbe 
sewage is finally discharged, glased-tile piping is used, 
the joints being well cemented. 

The sewage discharged from the septic tank Isdellvered to 
a disposal field or subsurface filtration bed, where it is 
absorbed h; the soil. The sewage is carried to the absorp- 
tion bed through a glazed -tile main distributor from which It 
flows into absorption drains of ordinary field tile, 3 in. in 
diameter und 1 ft. in length. Tbe field-tile drains are laid 
In tile gutters, as shown at a, Fig. 3. A i" space Is left 
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between each section of the tile, the spitce b«ing protected 
ftoro the entrance of earth by a loose-fitting cap 6. The gut- 
ter and cap are made of a larger radius than the outside of 
the absorption tile, as shown by the inustrRtlon, so that 
practically the ivhole joint la available for the escape of 



BewsgT into the Efonnd. The Riilter a is laid about li in. 

The amount of absorpti<in tile required In a reasonably 
porous soil is about 1 lin. ft. for each gallon of water dia- 
chargcd from the septic tank. If the soil Is heavy the length 
of the tile .should be increased to at least Stt. for each gallon 
in the tank. Clayey soil ia not suitable for subsurface disposal 
by filtration. 

The fall of the main drain from the tank after reaching a 
point within 20 ft. of the absorption tiles should not be more 
than 1 In, In 25 ft. Tbe atjsorption lines Ehould have a fall of 



not more than l In. in 50 ft. If a firealer fall is glTen, the 
sewage may lie carried to the far end of the line, where 
the sewage is liable to break out at the surlace. 

In designing the absorption bed, the tile may be run in 
one continuous line, or a number of abort-line branches may 
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be taken off from the main ptpe leading th>in the eeptio 
tank, eccentric V-braneh flttinga being used as shown Id 
Fi^ 4. As a rule, two disposal beds are employed, the deliv- 
ery piping to each bed iKlng provided with a gale valve, so 
that the sewage may be direeted to either bed, permtttlog 
eau'h a period of rest and thus preventing the field from 
becoming faiurated by the sewage. 

When it is necessary or desirable to arrange the disi>OBal 
field on a hillside, the distributing main cannot be laid to fol- 
low the natural surface of the ground because at each dis- 
chai^ of the dphon the sewage would Sow uilh great force 



Fig. 5. 
directly to the lower end of the bed. This difficulty may be 
Q^vercome, as shown in Fig, 5, by the use of special dropa 
through which the sewage flows with but Utile fall. The 
drops are of vitriJied pipe, made In one piece, and having 
hub BJid spigot ends. Between the drops are placed special 
drainage branches. These are also vitrified pipe and an 
made right and left, as the Invert of the 3" branch la on the 
same level as the Invert of the pipe itself. Thus water Sows as 
easily Into the upper branches that supply the upper rows of 
field tile BB it does into the lower branches, and a unlfbnm 
distrihutionofeffluent to all the field-tile lines Is insured. 
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WATER SUPPLY AND DISTRIBUTION. 



■trHl Strvlot.— The source of BUppl; of water Id a, build- 
ing will flepend on prevailing conditions and the location of 
the building. City buildings ore UEuallj supplied (him city 
mains, while country buildings are supplied ftom wells, 
takee, and atreaniB, by means of pumps, hydraulic rams, etc. 

Bouse pipes should connect to (he mains by corporalion 
ttopt. A stop-and-waste cock should always be placed under 
the rfdewalk at the carb and also a separate stop-and-Haste 
cock on the service pipe Just Inside the cellar wall. 

If the street pressuie is great enough to foi^e water to the 
top floor o( a building, all Qitures are usually supplied with 
both hot and cold water by street pressure. If the pressure 
li too low, or the supply intermltteot, a tanb is placed in the 
attic to supply the building. If the pressure U Mo high, II is 
customary to apply a pressure regulator in the cellar. 

The sizes of street service pipes depend cbieBy on the 
street pressure and the size of building to be supplied. The 
table "Sizes of Street Service Pipes" gives thecommon prac- 
tice ThL-se pipes should be increased one dze if the pres- 
sure is low. 

SIZES OP STREET SEKVIOE PIPES. 

Class Of Building. ^%cliS'*' 



Single dwellings, two or three stories higb lor { 

La^r dwellings 1 orli 

Tenement buildings and apartment bouses llor2 - 

Hotels and factortes 2 and op 



Pim M-— The amount of water raised by single-acting pumps 
Is estimated by multiplying the number of strokes which the 
piston travels in one direction per minute by the volume 
displaced or traversed by the piston In a single stroke, the 
supposition being ttiat the water flows into the pump barrel 
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only wheo the platoa asceode. It bu been fimod, Itowerec 
that the columD ol v/cter does not cease flowtne when tha 
piston deacende, and tbat the amount of water delireted ll 
greater than uEuallr supposed; Id some cases, It Is nearly 
double the theoretical amount 

At sea level a colomn of water S4 ft. high Is balanced by 
the pressure of the atmoEpheie. but In practice U requires a 
very good pump to ilraa (o a height of 2S ft. 

The height to which hot water can l>e raised by suction t« 
much less than that of cold water, the height Tarylng with 
tbe temperatnre. This Is due Co tbe Increased pressure of 
the vapor. Where pos^ble, tbe hot water should Sow Into 
the pump by gravity. Tbe table "Suction lABa" gives the 
theoretical maximum vertical heights of suction pipes tot 
different temperatures. 

SUOTION LIFTS. 



Absolute Pies- 


'SSSff. 


Temperature. 

"ME- 


Suction. 
Feet. 


1 

s 

10 

i 


SI 

i 

15^ 

1 


ill 

i 

183.0 

m 


31.8 

20. 

1 
vi. 

! 

6. 

!: 



In deep-w^ pumps, tbe plunger and valves should be 
below tbe water. This will make tbe pump Mlf.primlng la 
ease the valvea leak. All piston and plunder pumps, particu- 
larly )ingle«ctlon deep-well pumps, should be provided wim 
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a large air chamber od the discharge pipe, near (he plunger. 
to prevent ehocks and preserve the valves. Screw pumpa 
and rotary pumpa do not require air chambers becfluse Ehey 
discbarge a iteady stream of water. The suction pipe (onny 
tjrpe of pump must be alr-tlgbt, since otherwise the pump 
cannot raise (he nater. 

Afbot-valveat (hebaseofaiighEDClionpipe will hold It 
toll of water In ca^a small air leak Ebould develop near the 
lop of the pipe. 

In all pumpa. whether lifting. (Orce, Bteam, ringle-ac(ing. 
double-acting, or centrifugal, Ihe number of ftiot-ponndi of 
woib performed by the pump ia equal to the weight of (he 
iveler discharged, la pounds, multlptieil by the vertical dis- 
tance, in feet, between the level of the water in the well or 
source and the point of discharge, plus the work done in 
overcoming the IHetion and other icsfslancea. (Itliasaumed 
that (he water is delivered with practically no velocity, ) 

To find the discharge of a pump, in gallons per minute: 

Let 7-plston (ravel, in feet per miDutc; 
d — diamelei of cylinder. In tucbesi 
O ^ Dumber of U. a gallonadiacluiiged permlnnte. 

Then. G - .03264 TcP. 

To find the horsepower of a pump, use the fallowing 
Ibrmnla, in which T and d ere the eame as above, and ft U 
the vertical distance. In feet, between the level of the water 
•t the source and the point of discharge. 

H, P. — .00083724 S « = .00001238 TiP h. 

In boDi Ihe above fbrmalaa, allowance baa been made Ibl 



Where W~ weight of coal burned, In pounds. 

Tts Hydnnlls Rim.— This machine Is employed lo TalM 
water ti) a point higher than the source of supply; it Is chiefly 
nnd where a large flow of water with a low fall la obtainable 
tnd nUses part of the nater that operates it. Tbe el 



varies with tbe ratio ofthe rise oflhe discharge to the lUl of 

thedriye pipe, a) 
Batiooriiftlo 



Perce 



4, B, S. 10. 12, 14. le. 18. aO, 22. 24, 28. 
fi, 61. 62. 14. ST, SI, 2S. 18, 11, 9, 4. 0. 
blgbest effidcDcy with anf fall, the Oagb 



To obtain tl 
valre should be adjuited to 
the drive pipe has attained Its mailmum velociCf. 

A ran- hating a discharge pipe SO W 100 ft, long will deliver 
aboat i the quantity Bopplied to a height about G tlmec the 
foil; or A the quantity supplied loahelght oflO'dmes the lalL 

It tire pipes are lead, the drive pipe should be of the A 
grade, for diameters up to 2 In., and cast or wrougbt iron for 
greater dlametera. The diecbarBe pipe, If lead, ehonldlieot 
the B grade (or rises of fiO ft, or less, and of tbe A grade tor 
rises between 60 and 100 ft. For telle Rreater than 10 ft. or 
rises of more than IDD ft, the pipe must be heavier than jart 
given. The length of drive pipe shonld be from^S to 60 ft 
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very long [say 1 ml.), • 
larger size than given in 
the table tihonld be used. 
With a given supply of 
water under a great fall, 
the ram need not be a« 

quantity of water tinder 
a less fall. When targe 
quantltiee of water are 



increase the number 
of rams. In preference to 
Bcily. Several rams may be 
set BO as to deJlver into one discharge pipe, each having a 
■eparate drive pipe. The diameter of the delivery pipe is 
nsually about 1 of the diameter of tbe drive pipe. The 
highest efficiency of a ram is obtained ivjth tbe specified 
length and dze of drive pipe when the weight and length 
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Discharge. 
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having one of very li 



if stroke of tt 



valve are properly proportioned. 



Clittrna.— These are used to store rain water uadergrouad, 
for use In country buildings. For an ordinary house with 

less than 30 In. pec annum, and where very long droughts do 
not oocur, a hrick i?ist£m b ft, in diameter and 7 ft. deep will 
be large enough Tor a family of 10 people. Larger buildings 
should be provided with tuo or more cisterns. 

Cistern fiHeri are essential in all cases. Fig. 1 shows an 
excellent and simple form, which may be built a few feet 
away from the cistern, and 
^ connected (o it by the pipe /. 
■1 The filler well is built of brick, 
; laid in I-to-1 Portland cement 
'j mortar, and Is divided Into 
S tivo compartments by a parti. 

\i The bottom Is Inclined so (hat 
i; the sediment will collect at A 
The chamber B has a perfcr* 
''"'■ ^- ated bottom 6, on which is 

placed a counse of gravel and then clean sand lopped with 
gravel nearly up to the level of the discharge pipe /. Rain 
water entera A through the pipe c, and deposits any mud 
that it may contain at d. Any overQow Itt A Is discharged 
through pipe «. The water flows upwards through the sand 
in chBTDber B. which clarifies it. The filter may be easily 
cleaned by slopping up / pouring water into B, and pump- 
ing out the mtid and dirty water Ciom A. Renewal of the 
filteilng material is thus seldom necessary. 

KsDM links.— Water-Etorage tanks located on the roof are 
generally constructed of cedar or cypress and are slightly 
conical. They are generally knocked down when shipped, 
and should be set up and filled with water as soon as 
delix'ered. A good solid foundation should be provided for 
a house tank, and the weight of the tank should not be allowed 
to rest on the chimes (that part of the stave that projects 
below the bottom), bat should rest on the tank tmttom. 
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The capacity of cylindrical 180118111071)6 fonnd by squat- 
iag (he diameter, Iti re«t, and multiplying th« product by 
.TSM, then muUtplylDg the area by the height of tbetank, In 
feel. The product will be the capacity of the tanks, in cubic 
feet. To find the number of U. 8. gallonE, multiply the num- 
ber of cubic feet by 7.18, 

Ex AMPLE.— What is the capacity of a tank 6 ft. In dlam^er 
and 5 ft. deep: (a) In cu. ft.? (b) in U. S. gal.? 

Son,'TiON.-(a) 6 X 6 X -78S4 X S = UlAO m. O. (6) 141.« 
X T.IS = 1,(67.67 U. S. gal. 

The table "SiiesotWooden Tanks" gives the stock »lie» 
and capacity of ordinary tapered wooden hooped tanks op 
to 2,820 gal. capacity. 

When located within the bnlldlne. wooden bolue tanb 
an commonly made as indicated in Fig. 2. They are Usually 



Ftu. 2. 
Hned with sheet lead, or tinned copper. ToobrialethenoBt* 
heavy planking In the conEtrucllon of Bucb tanks, tie-nidta 
are used to rigidly tie together the end and aide biscei; at 
Btiffeners b. h. which are secured by mortise and tenon jolnia 
to the timbers c, c on which the bottom planking of the lank 
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Table— ( Conlinutd). 
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TiBLB — [ Contimitd ). 



Diameter. 


Inalde Depth. 


Capadl7. 


Sh^P^og 


Feet. 


Inches. 


Feet. 1 Inches. 


Gallons. 


Pounds. 




g 







848 


.010 
.««) 

.28t 
1.400 

'700 
7B0 



is laid. The end braces are drawn together by an iron tie-rod 
below the bottom as well as by one above the top of the tank. 
If a tank more than 5 ft. deep is required, the use of heavy 
braces may be obviated by tying [hem together by tie-rods 
running through the middle of the tank and protected from 
the action of the water by lead slip tubes wiped to the tank 

Sizes of house tanks depend on the number of people to 
be supplied and the probable amount of water each person 
will use. The amount of water aotoallyrequiredperday has 
been found by measurement to be about £i gal. per persoiL 
This amount is used approximately as follows: 



Drinking .. 



1 qt. 



-. 3 gal. 
.. 5 gal. 

... 131 gal. 
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A horse will drink about 7 gat. per da; and will need 
4 gal. for wuiMDg. 

A cow will drmk 5 to 6 gal. per day. 

A carriage will require 9 lo 16 gal. for waahlag. 

Taaka applied from city mains need oot be larger than il 
required lo bold a 2 days' supply. Those that aie not near a 
city and that depend on one pump to fill thero should hold 
at least 1 week's supply. Those that depend on rain only 
should bold at least euough waler to last from one rainbU 
to the other, that is, ftom 1 to A months' supply. 



Wit*r PrtMurg.— When the height, or head, of a column of 
waler Is known, the presaure exerted by it at the base of the 
«oIUmn may be found by multlptylng the head. In feet, by 
.434; the product will be the preamre, in pounds pec sqnaro 

When the pren^ire, in pounds per square inch, is known, 
the head may be found by multiplying the pressure by 1,3; 
the product will be the head of water In feet. 

SliBi of Fliturt Supply Plp».— The sizes of pipe generally 
Usedfor supplying waler lo the various plumbing fixtures are 
giveu in the following table: 



SIZE OP WATCH PIPES 1 


■ UlLDin 


o. 


Supply Branches. 


aiSn 


High 
Pressure. 
Inches. 


KBnSV-rr-r: 
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fi 




To diz or tbot-baths. „ 
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ttt»Mj <f ■•■(let Pl^ia.— The discharge rram servi 
pipes BDd water meleis of differeal tDzeB.UDderdiffereiil cc 
dltlons, t» shown in the table 'Capacity of .Water-Servi 
Pipes" and ils accompanying diagnnn. Fig. 1. Condili 
No. 1 represenls ■ discharge at the meter in (he ccUi 



1 



(D "•'■""'■' ^r 



so. 2 represents the discharge at the rear wall of an ordinary 
cellar; No. 3 repiesents tiie discharge about on the Qrst Qoor, 
and No. 4 represents the discharge about on the third floor of 
an ordinary building. 

Witir MMiyrimaiit— The quantity of water that passes 
through service pipes to buildin^n is measured by mcatisof 
water meters, a good meter nieasuring all the water that 
Sows through It. whether ll passes as a very small stream or 
is Of the fullcapacity of the pipe. 

The accuraeyofawalermetermay be tested by weighing 
the water that paEses through It. Several tests should be 
made, drawing the water slowly In some tests, and rapidly in 
others, when this has been done, by a comparison of (he 
weight of water that actually passed through the meter 
with the weight of water the meter dial indicated as haying 
passed, the error of the meter can be determined. 

The table "Approximate Deliveriesof Water Meters," gives 
the ^le by which meters are designated, which Is the 
diameter of their inlet and outlet pipes, and the maiimum 
delivery of water per minnte for which they are rated by the 
National Meter Co. 



WATBR-SEnVICK PIPU. 

(Jfr. Kaicldinii't Table of Diuhargt, computed far TTte Thomto 
Meter Company.) 



HJt,Goog[c 



APPNOXIMATB O 

{tl(Uional ttetet Company 
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Cubic Feet 


GailoDi. 
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7,5 
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72 
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Cipaeitiol <ftt*r ■aim.— The table "Pressure Lossia Water 
Pipes" gives the pressure loss due lo frlcliODal resislonce, in 
pounds por square Inch, for pipes of different sizes at dlfforenc 
ratesofiliactiargeandforalengtliof IdOrt. 'Tlie table is use- 
ful in CEllmatlng tbe size of stialgbt pipe ivlthln Its range 
and of a given leogtb to discharge a given quantity of waler 
with a given pressure loss. Thus, let it be desired to find 
nhat sizeof pipe 1,000 ft long Is required Co discharge 500 gal. 
peimin. ivltba pressure loss of atxiut 2 lb. Then, the pressure 
loss per 100 ft. iSi^JtAX 2^ 'ilb. Entering the table on the 
horiioutal line mnrLed for MO ^L and following to the right. 
a pressure loss of .ia lb. per 160 ft. Is found Id the vertical 
column marked for 8" pipe as nearest to 2 lb. pressure loss. 
Hence, an 8" pipe may be selected. 

KItoliin iDlian.— Iron boilers, or bot-water storage tanks, 
should be galvanized both outside and Inside, particularly 
inside. These boilers are commonly made of mild steel, and 
are not so durable as the old-time wrougtat-iron boilers. 
Many of the poorer grades become pitted very ntpldly, 
and are not to be recommended lOr drBt-claii work. Tbe 
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I!i 



.l.l. 



longitudinal seams are either lingle or doable ilveteil: when 
double riveted, the rivets should be ttaggered. 

Copper lanse boilers are in evet? case to be preferred, it 
properly coaled loslde with block tin. The; are classed as 
■ ■ « heary, the latter being tested to JM lb. 

le best forms of copper bailers are tbose 



^r pressure. 



iforced iDSide bj stlS^ne 



w that 
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collapse wben a pnrtJal 
el or Iron boilers are tes 



(bey will DO 
vlthin tbem. 
Otdinaiy s 
pressure, and 
should always be used when the 
401b. by the ^uge, omhen watt 
come on the plumbing system. 



Bst^d to ITO lb. water 
I. pressure. Thelalter 
pressure Is more than 



Capacity. 


LenRth. 


Diameter. 


Capseilj. 


Lenph. 


lliameter 


Gallons. 


Feet. 


Inches, 


Gallons. 


Feel. 


Jriohts. 
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16 


182 
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24 



The sire of boiler which should be employed for any par- 
ticular work depends ehlefly on eiisling condillona, such. 
Ibi example, as the water supply and the nature of the 
bnildiDg. A safe rule is to allow a »5- or 40-gal. boiler tor a 
building having one bathroom, and lo add 30 gal, addi- 
tional capacity Toi every extra bathroom. 



In practice it Is found tl 
heating snrfece In actual contact wt 
to give good remits with a 40^«t. t 
rui, and with a50-gal. boiler If water 



> the 



t. of waterbact 
ire Is sufficient 
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Boppl; the boiler. The return pipe g ftunlahes & supply to 

the w&terbaclc a, and the sedfmeuC cock A la used to empty 
the boiler when necessari'. The hot water entera the boiler 
Ihrougb the flow pipe c, and rising lo the top, Is conveyed to 
the fixtures through d. The only objectioii to this atrBoge- 
ment Is that It requuee a. long Ciiae foi ihe nater la the holler 
to become hot, because the hot water eontlnually mlies wltli 
the cold. To overcome this trouble, c Is often connected to d 




1 


f 
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s= 


■ 


' 






F=J 


^ 








■^ 





over the holler, asahown in (J). But the latter method la 
also ob]ectlonab!e, in that circnlatlon hetireen the ranee and 
the boiler will cease when (he service pipe U shut off, becauM 
the hot water will siphon down to the vent hole In the Wp 
of the Inner tube. The naterbaeli will then blow steam 
through c and d. To prevent this the pipe c may be connected 
both lo d and to (he side tapping of the holler. 

Ilu!tl»ia Wittfkiok CaanMtl>n*.~Two waterbacks may be 
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coanecled lo the sune boiler In the nuuiner Ulastrated br 
Pig. 3, the heatlDg cnpacltr of the waterback In the kitchen 
range a being snpplemented by that or a pipe coil in the 
luindty stove b. bo that on washing days the Buppi; of hot 



Fiu. 3, 
water will be sufficient to' meet eTcry demand. The connec- 
tlan between the boiler c and waterbaek in the range a are 
made )□ the UEnal manner, but tba flow pipe d ttom the 
laundrr Btove 1b connectedlnto the top of the boiler, as 
■hown. The cold-water supp!yina;be Bhutoffbymeanaof 
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the slop-snd-tnute cock «. the hot aud cold water Btipply to 
the &itureB.OD the second floor beinx coDtrolled by dmllM 
stopcocks In the cliculatlon pipes. 

A series of waterbacks W. B. may be coimected Xo a boiler, 
BB shown Id Fig. 4, so as to secure a positive and elBcleot circu- 
lation between each walerbtick and the boiler. The arrowa 
show the direction of the cnrrentg. To preTent the walei> 
backs (brthcBt ftom the boiler fiom being short-circuited by 
those Dearest the boiler, tbe pipes are reduced In ^ze, as indi- 
cated. In case the side tapping of tbe boiler Is too small, or 
In case tbe ranges are set too far apart, and (he proper head 
for circulation cannot be obtained, hot-water flow pipes may 
be connected to the lop ot tbe boiler as shown by th ' 




B3t- e3^ sa;,. [ 

' li' ,i' >" 



Fig. 4. 
lines Id tbe lUustrallon; or, the boiler may be raised so that 
a. Batisfaclory bead may be secured for a connection to the 
Bide openlDg. 

■oilH CanntBtlsiu fsr Hull i|.— Connections may be made 
as shown la Fig. 5 for utilizing fhe water heated by the 
kitchen Are in warming rooms located above the range bailer. 
The heated water ascends in pipe a and enters the aide of the 
boiler, where It rises to the top of the boiler becaase It U 
lighter than the colder water. Cold water from the bottom 
of the boiler flows through b to replace the heated water that 
leaves the range. The hot water at the top o( the boiler flows 
up the pipe I end enters the radiator through the radiator 
Talveshownatlheiight. It then passes through the radiator, 
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glTCB Off best to tbe room, and wbeD cooled descends In the 
pipe d&ndteturna to the boiler to be reheated. An air vent 
placed at c will antomatlcallr allow air to escape from the 
radiator. If It cannot thng escape It will accumulate end 
atop diculatlon. Tbe pipes c and d must be graded bo aa to 
avoid pockets that would retain air. 

Range boiler conneclions may be made as shown in Fig. S 



for heating tbe w 



alnw! 



beater A, a radlab 



Fra. 5. 



' be set and maintained dead 
' level In order to produce 
good results. By Connect- 
ing the hot-water pipe from 
the furnace water beater 
to the side of the boiler d, 
two distinctly separate cir- 
cuits are eecur^, neither 
onedependiogonthe Other 
for circulatioQ except at 
tho nipple e, which c: 



oade 1 






The o 






le brancbes 
: radiator and range 
le supply and return 
d the supply branch 



le boiler, iUr- 



boiler should be li" pipe, a 

branches to the radiator bei 

to the range boiler ^ in. ' 

lion of the circulation of the water tbrongb tl 

Dace, and gas heater. It is edvisabte to run 

blanch from tbe highest point to supply a wash basla 

upatalrs, 90 that (he air that accamnlatas at tbe highest point 

of the piplog system may be drawn off at the basin- 

Hat-Wiln- Un\l to FUturu Btknt aiii(i Boll*r.-Io pipe ■ 



340 PLVUBISO. 

buliaing so that the liot water can be drawo instantly at fli- 
tures located at a. lanei level than that of the boiler, tt is 
necessary (o form a loop by running the hot-water pipe up 
aa high as posdble before descending to supply the lowest 
flituraa, as shown In Fig. 7. The laandry tubs are located 



in the basement and the system Is supplied itom a tank Id 
(he attic. The hot-water distributing pipe forms a loop, the 
flow pipe of wMcl^ connects to the top of the boiler, and the 
return end to the bottom. A 1" relief pipe is located at o, 
the highest point of the loop. This allows the air u> escape 
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Bum Ibe loop, nblch woald otberwiie become ali-locked. 

AMofKock li placed ■! (he bam of the relief iripe,UBbown, 
which may, If aecesnry, be checked dovn te ■ very imall 
openinfr (o prevent air tn>m beiog aucked loto the cock 
while (he hot w>(er la being drawa a( tlie flitureg. A check- 
Talve fitted with a, vtrj light swinging valve is attached to 
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the return pipe of the loop as shown, to prevent cold water 
In the bottom of the boiler ftom being drawn at the hot-water 
bucets of the (ubg. 

Stop-Conk Amnigmgnt,— The syrnmetrlcal arrangement of 
ftop-eockg 1b one of the distinguishing cbaracterlBtica Of an 
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expert plomber or [dpe Alter. The lov-giade 

places the etop-cocK? aaywbere without reference to a neat 

appearance of the work. The skilled nutcbanic, who la a 

neat, (id; workman, arrangeB them sTnuuetricaUf and with 

taste. Fig, 8 shows a neat Joh In which a is the cold supply 

ttam the street; b, the 

boiler tabe; c. bat water 

to lanndry: ft. a waste 

pipe ftom the stop-cocks 

on the pipes that supply 

the Uztures upstairs, and 

the saltety valve e. 

Kot-W*C<> Supply Tinli*. 
These are cylindrical in 
form and are made plain 
OT galvanized, and nilh 
or without steam coils. 
The table "Capacity of 
Hot-Watei Supply 
Tanks" gives some of 
the common stock size* 

Hot-water supply 

tanks used where a large 

quantity of hot water la 

required are usually pnj- 

yJded with steam coils, 

as shown in Fig. 9. The 

coil is made ftom pipes 

and fitting; sleam enters 

the coU through the pipe 

□ and passes into a mani- 

pjg g^ fold b, whence it pasees 

through the pipes c. e 

and return bends d, d inlo the manifold e and leaves through 

the pipe/. The number of coils to be used depends on tbe 

amount of heating surlbce de^red. The pipes a and / screw 

Into large bushings a, g threaded outside to fit a tapped hole 
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In tbe shell, rod Upped indde to niU the pipe. By aubsUtu- 
tliiK dttreienl bUBhJn^ the Aze of [he Inlet tnH outlet cannec- 
Uona Is readily channed. The hot-waler snpply coDnecdoni 
are msdc to the tapb at A, h, uid the cold-water service pipe 
and the drain pipe 

r OF HOT-W*TI« SUPPLY 



o the sewer m 






The size of hot- 
water tanks for apart- 



piled fOi all domesllc 
purposes, the capac- 
ity may be as In table 
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10 


30 
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be healed by a steam cotl 
of coll Co be used can be 
.llowing 15 gal, for each 




square foot o( wrought-iron pipe coll surface and 20 to a gaL 
for each square foot of brass or copper pipe eoil surfkce- 
Then proportioos have been Toond togjyegood leaultala 



size OF HOT-WATCH TANKS. 



Suppted, 


GalloDE per FaDiilv 
Tank Should Hold. 


'rMk^^ffi'oni?' 


10 iS 15 
25to30 


16 wl 


250 

S 



ordtniiiy work. For detennining th( 
large bolle™. the following forniQltt ai 
missioii ma; be nsed: 



= surface. In square feet, of bi 



nplpei 



W^ weight of water. inpoundB; 

T — temperature of Bleam; 

t = rise in temperature of water; 

t, = areiage Inciease In temperature of water; 

/ = factor of 400 for hrasa pipe } in. thick, or 300 for 
iron pipe { !□. thick, representing the fi, T. 0. 
transmitted per hour to the water ftom the coil 
per square foot per degree difference between 
the tempeiature of the steam and that of the 

To the amount of surface found by this formula odd about 
Si put cent., to allow for condensation of the steam In (he 
:oll and the uncertainty of the water circulation. If the 
iiiculation of water over the colls Is very rapid, a larger 
UDount of heating surface would be required. 

EiAMPLB.— How many square feet of healing surfece will 
ye required in a brass coll to heat 2D0 gal. of water per lir. tnini 
iO°tol80=F. with steamat4 lb. gauge pressure? 

aoLnnoH.— Tempeiature of steam at4 lb. pressure Is 222.4°; 
irater to tMbeated Is 200X8.3^1,690 lb.: rise In temperature 
If the water IB ISO — SO — 130°; average temperature of water 
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. SubsUtutlDglntt 
XI30 ,, „ 
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nearly- Addlug 2b pet ceiil. n 
or about 18 Un. It. of l" pipe. Ans. 

The amount of heat tranimltted rrom st«aca to vratei 
through metal ofdlfPerent tbicfcnessefi, per square Ibot or heat- 
ing surface per hour perdwree differenee in temperature. Is 
given In the lable "Heat Trnnsmlfslon Through Metals to 
Water, " with which the faciors giveu In connection with 
the above formula approjiuialelj agree. 
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t\K slie of grate, in BqUBra feet, required to heat a, given 
number of gaLloDB of water per hour can be found by the 
fonnula 



<i = grate surface, in square feet; 

g — gallons of water tc be heated per hour; 

I = rise In temperature of water; 

{— number of pounds of coal per square footofgrale. 



WATER FILTRATION. 

Water filtration is a Elrolnlng process by means of which 
most of the suspended matler in water is removed. The 
principal mclhods of filtration are (he slow sand process 
and the mechanical, or rapid, sand filtration. In slow sand 
flitralion the water percolates through t, bed of sand and 
gravel, from S (o 5 ft. thick, to a system of underdralns 
below. The rate of flitralion in slow sand Alters depends on 
the condidon of the raw water, but for average waters a rate 
of l.fiOO.OOOgal. daily for each acre of filter surface has been 
found to lie a fair average. In mechanical flItiatioD a rale 
of from lOO.OUO.OOO to aW.UOO.OOfl gal. of water daily for each 
acre of filter surface has been found very satisfactory 
There are two kinds of mechanical fillers; pressure filters 
and gravity fillers, either of which may be employed to 
filter the water used in a building. On account of the con- 
-A'cnlence with which pressure filters may be attached to the 
water-supply system, (hey are more extensively used in 
buildings than are gravity flUers. 

House llUcrs should always be connected to a by-paes, eo 
that water can be supplied direct to the fixtures in case the 
filter is cut out foe repair. Most pressure filters ore now 
made with a hy-pass forming part of their valve arrange- 
ment, so all that la required of the plumber Is to make 
Bervirc- and honse-supply connections. 

The baolerla-removlng efficiency of mechanical fillers 
Ib approximately ea per cent- 



There are manj ways by which house plumbing becomes 
ilr bound, but lbs elTectsor the air accumulalionB are cbieflf 
observed In low -pressure systems thai are supplied with water 
t>jr house tanks. The reason of this la that the pressure due 
to Itae head lietweeu the air loclis and tbe tanlii is uaiiall]' 
loo low 10 roree the air out of the pi|ies. 

A common cause of air lock Is ibat leaden bo(>watei pipe, 
run over the floorbeams for a oonslilerable distance, is not 
supported uniformly tbroughouC Us length and hence sags 
between the beams. 

An illustration of air lock in a plumbing system as it 



applies to tanks or other vessels depending on one another 
for tlicir supply, is presented in (he accompanying Illustra- 
tion. The tank A, which supplies water to the plumbing flx- 
tures, is Hlled with water by a pump, through the dellcei? 
pipe a, and Is connecled up complete with a cold-water dis- 
tributing pipe 6. eipanslon pipe c, telltale d. and standing 
naste DverBow e. Extensions baring been made to the build- 
ing and the tank A being too small, the second tank B is 
installed. This lank is set at such a height that itaWpii 
level with the top of A, and it is supplied with water by a 
communication pipe i, as shown, the supposition being that 
when A is filled by the pump, the tank E will also fill up. 
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The mnks are eo connected, hewever, tbat the pipe ( will be 
slrJoebed betneen Ihe poiota m and o, the cauEe of the lock 
being the poet et p, made in order to clear tbe lower Bsnge of 
ft steel tjeamq; and the loss of head in B will equal the rei^ 
tical height of the air column as represented by the distance n. 
There are eeverftl ways by which this air lock may be 
avoided; one method is to make a connection to the side of 
the tank j4, aa shown hy dotted lines at r, Instead of to the 
bottom.' Another method is to leave the bottom connection 
as it is. and nin In a small air-relief pipe, tbe upper end of 
which Is bent over the tank £ and the lower end Joined to 
the highest point of the air bound part of i, as shown by 
dotted lines. Either of these simple changes will effect a 
permanent remedy. ^___^ 

USEFUL INFORMATION FOR PLUMBERS. 



Lead burning is a process of Joining pieces of lead by 
molten lead Instead of soft solder. Ordinarily tbe edges of 
the pieces are cleaned and lapped and then ihsed together by 
tbe heat of a bydn^en flame. When It Isnecessarr toreen- 
Ibrce the seam with more lead, the Same Is fed from a stick 
of lead, 

A lead-hurnlng maetilne of the generally accepted form Is 
compoaed of a hydrogen-gas generator, an air tank, and an 
air pump. The generator is divided into two compartmentSi 
the upper one being open at the top and the lower one clOBed 
air-tight. They are Joined together by a lead pipe extending 
nearly Ut the bottom of the lower .chamber. The lower 
chamber is furnished with a perforated shelf about 2 in. from 

through a screw-cap opening placed on top. About 3 oz. of 
Jlncwlllf\imlahlcu. fl.ofBas. The chargeof zinc should 
he about 20 to 2.^ lb. for a machine that is Intended to run all 
day, A mlitureofS parts of water to 1 part, by volume, of 
commercial sulphuric acid, is poured into the upper chambtr. 
This Hows into the lower chamber, where It rises until It Mil 



ou the zlac, wben hydrogen gas ie liberated and a pressure 1b 
(Mmcd in the lower chamlier that forces the liquid back Into 
the upper chamber. The column of liquid io the connecting 
lead pipe forme the desired pressure In the ^a chamber. <iai 
Is conveyed loabreecbee pipe through a rubber lube, and air 
from ihe air holder that is loaded Hlth weights to give the 
desired pressure is coovejed b>- anolher tube Io the same 



breeches pipe. Two slop-cocks on Ihe breeches pipe are used 
to regulate the How of alt and gae into the mixing tube, 
which Is Heuerftlly held in the hand, so that the proporlious 
of gas and air will be iust right for a lead-burning flame. 

The process of burning Is as follows: First, thoroughly 
clean the edges of the lead to be joined; adjust the bloupliie 
Same so that it will be about 1) in. long, need le-puhi ted. and 
burning silentlj'. Apply the flame so that the inner cone 
win touch the surface of the lead. The intense heat will 
melC the lead and cause the edges to Sow together. The flux 
commonly used for this work Is known as Yacger's salts. 
Expert lead burners, however, operate without a flux when 
they use a hydrogen flame. The flux Is generally used when 
an ordinary air-and-gas flame is employed. The illustration 
shows a good example for practice In lead burning. Two 
pieces of sheet lead are prepared by planing the edges to be 
Joined Btr^htand square, and shaving the top surfeces clean 
about ilD. wide on each side of the butt Joint; then the edges 
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are buttecl tOEether, and the sheels aio flrmly sccuied to * 
board. The flame is then applied, as shown, and It Is fed 
fiomalead stick held in the operator's left hand. TMe stick 
Ib about i in. or more thick, triangular in section, and shaved 
clean. With the point of the inner flame a few drops of lead 
are melted off the sllcli and allowed lo faXl sqaarely on the 
seam. The flame should Instantly folion' these drops and 
fuse theiD to the sheet lead. A section through the seam, when 
burneil, la shown at 6. It requires eonidderable practice to 
do this kind of work. Eepeated fiiilures may he eipecled 



I« Ramon Graata fttm M 
little pile of fullers' earth 
zlne. and let it remain 2 or 

To Claai 



>le. — Apply to the ^ease spots a 
ir whiling. Baturated with ben- 
lir,; theo wash off. 

well with a paste made 



bf mixing with water B parts of soda, 2i parts of powi 
chalb. 2i parts of powdered pumice stone; then wash the 
slab with soap and water. 

Remntl of Ruit From Iron.— Oxalic acid will dlssolTe and 
remove rust from iron without lujurlng the iron. 

Wiplni Jslnts on Tin Pijia.— Joints can be wiped on block- 



of 












t of 111 



parts of bismuth; bismuth solder of this pro- 
wruon melts at a)2° F. The compotjtlon and melting point 
>f other bismuth solder can be found tn the follawlng table; 



"tS"' 


Parts of 
Lead. 


Paris of 
Bismuth. 


Melting Pohit 


1 


1 


2 


320 
292 

1 



iiimellsat446°F. 
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Ci*t-lti>B Plpa jDlnli.— These may be made wllb soft p\g 
lead called Into Ihe huba. or with rueled Ituti chips. Wben 
mst jolnu are used, the; are ma^e by filling the hubs with a 
cement made with 18 parts of water, 2 parts uf sal ammoniac, 
SO parts of Iron chips. 

To Galnanlig Cut Iron.— Flrel, cleanse. the castJng tbot- 
oughly by immeralDg It. Tor a few hours, In a bath of l part 
of muriatic acid and 2 parts of water. Then remove the cast- 
Ins and scrub thoroughly with a brush and flue satid, after 
which wash with hot water. When tbe casting is clean, dip 
tn a aolation of sal ammoniac and hot water, i lb. of Ihe sal 
ammoniac to;the gallon. Dry quickly and dip In zinc bath. 

Ta GiIkbhIi* Wtoiiht Iron.— Immerse In a bath, consisting of 
1 part of muriatic add and * pans of water, long enough l» 
break up the scale; remove from (he bath and deea with 
brushes or scrapers until the surface Is free from scale or dirt. 
Then dip In miotbcr balli of muriatic acid and water consist- 
ing of 1 part of acid to 4 parts of water, with 1 oi. of snl 
ammoniac (o the gallon of solution. Dry quickly and thor- 
oughly In a hot oven or on hot plates and dip In a zinc bath. 

Zinc for galvanizing should be so heated that It will have 
a clear, shining surface. The dross should be skimmed 
away anil a Utile powdered sal ammoniac sprinkled on the 
surface occasionally to clear It. 

If the surface of tbe icon Is oily, first boll It In caustic soda 
or lye, to remove the oil. Then dip It In the murlatlc-acid 
solution to remove the scales. Care should be taken lo see 
that no moisture remains on the article to be dipped. Very 
little molstnre will cause an explosion of steam bubbles that 
will scatter the molten zinc In all directions. 

To Tla Iron CiitlBti.~C1eanse the costings by Immersing In 
a bath of diluted sulphuric acid mixed in the proportion of 
1 part of acid to SO parts of water, and scour wlUi !and if 
necessary. After cleansing, boil the castings In a concen- 
trated solution ot stannote of soda with a quantity of granu- 
lated tin. 

To Tla Wtoojlit Iroo.— Wrought Iron Is tinned by first 
temoving the scale, and then Immersing the articles In a 
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ptckle of gulphnrio aoid, finally dipping the Iron In a pot 
pari]]- filled with purs tin, over which is plafed a. layer of 
palm oil or tallow, lo protect the tin from Ibe action of tbe 
air nnd Hct bs a flui. When the articles have been thor- 
oughly coated, [bey are removed and allowed lo cool, after 
which any greaee ia removed by rubblngiD bran. Such Email 
articles as rivets and tack! are taken out of the melted tin 
with a perforated dipper and the melted tin allowed to drain 
otr, when Ihejr are throWD against a perpendicular sheet of 
iron lo remove any superfluous tin that may adhere. 

Pilnt fof GiliiniiMl Irsn.— To prevent paint from scaling off 
galvanized-iron surfaces, the iron should be exposed to the 
weather long ehongh for the grease to wear off, after wblch 
U should receive a coat of paint mixed as fallows: 

Eawoil ; I gal. 

oiled oil.... 



Liquid dryer _ k gal- 
Dry metallic paint 20 lb. 

To Color Soldi!.— Soldered seams on copper can be colored 
to match the copper by brushing the seam with a prepara- 
lion made of \ pt. of ivater to 1 oz. of sulphate of copper in 
crystal form. 

Plambott' Soil.— To make plumbers' soil, dissolve 2 table- 
epoonl^lH of glue In 1 qt. of boiling water, or stale beet, and 
heal into the mixture t lb. of lampblack and a tablespoourul 
of powdered chalk. Heat the soil each time it is used. 

Plombsrt' Put*.- Mis flour and water qulle thin, bealing 
all lumps out. Sprinkle a little pulverized alum, which uill 
preserve the paste a month or more. Thicken slowly over a 

Slmplo T»»U for Smuer Om-— Sewer gas is a mixture of sev- 
eral gases that emanate from decomposing animal and 
vegetable matter In sewers. The principal gasea are aul- 
phureted hydrogen, ammonia, and cartwutc acid, A test 
for »ulphureted hydrogen is a piece of blotting paper dipped 
In a solution of plumbic acetate; this Is turned black on 
exposure to .the gas. For ammonia, a strip of red littnus 
paper will turn blue or yellow, and a strip of yellow tumeric 
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paper will turn brown, In the presence of that gu. Blue 
Utmua paper will turn red when exposed to carbonic acid 
gas, and tlip same gas will lura limewstec cloudy when 
passed tliiough. 

Slmplg Tait for 0(i(ilil*| Watar— Or^nie Softer.— Into a per- 
fectly clean bottle with a glass supper, put 5 oz. of tbe water 
to be tested. Add 10 gr. of pure, gruoulated, while sugar. 
Cork tight, and set InawindowexpiMed freely to light but not 
to dlrert raj-B of the sun. Do not disturb the bottle and keep 
the temperature as near 70° F. as possible. If the water coU' 
tains orannic matter, within 43 hr. an abundance of whitish 
specks ivlll be seen Qoaclng about, and the more organic 
matter the more specks. In 1 wk, or 10 da„ If the water is 
Tory bad. the odor of rancid butter will develop. 

Uant Water.— A]] thetcstsnecossary for ordinary practical 
use can bo made with articles which any druggist keeps In 
stock. A soap solution nud a Ihw gloEa vlale, or lot tubet. as 
they are called, are needed. To ascertain whether the water 
Is hard or soft, take a clean tube, pour about I In. of soap 
solution Into It. add a few drops of water, which if hard will 
turn It milky or curdy. 

Acitliln.—Xo ascertain if the water is add or altallne. till 
the tube half full of uater and dip a piece of red litmus paper 
into it. If the paper does not turn blue the water Is not 
alkali. Next dip a piece of blue litmus paper In it, and It the 
paper does not turn red the water is not add, 

Carbanic Add.— To test for carbonic acid, pour Into the 
tube about I in, of water and the same quantity of llmeWBtcr. 
If there Is carbonic acid, the water becomes milky, and on 
adding a little hydrochloric actd will become clear again. 

SMlphale of Lime.— To see If sulphate of lime (gypsum) Is 
present, fill the test tube with about It In. of water, adding a 
mile chloride of barium. If a white precipitate is formed, 
which win not dissolve when adding a 1 Ittle nitric add, the 
water contains gypsum, 

Slagneaia.—A test for magne^a Is made as follows: lill a 
teat tube i full of tbe water; bring it to a boil over a spirit 
lamp; then add a very little carbonate of ammonia, and the 
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same SQiouiit of phOEphate of soda; set it aside for ttoiae 
moments, bmA if msgneaia Is present it will form a. white 

Xeud.— If (he test tube ia i full of water, and 2 drops of 
cochineal are added, and ibe walei turns blue insteHd of 
pinlc, It will denote the presence of lead. 

Cfappo-.— Copper will be ehown by adding a few drops ot 
chloride of ammonium to some water In which has been 
placed a few tilings of soft iron. If it turns blue. It Is sn evi- 
dence of copper. 

iron.— Adding 1 drop of ferrocyanlde of potassium to a 
little water in a lest tube will color it blue If iron is present. 

\ large number of tests are made in a thorough analysis, 
but these arc tbe ones that principally interest the ordinary 
eDfineer. and can be made with the least trouble and 
e^ipensc. Analyslsshould be employed to make exact analysla 
of important euppites. 

To Clam eilviniinl-ltiin PIpo.— Galvanized-iron pipe can be 
cleaned and polished by scouring It with flue sand or pow- 
dered pumice and water. 

PolisKIng L«ad Pipe.— Lead pipe can be cleaned and polished 
by scrubbing with powdercil pumice and a wot cloth and 
then wiping dry and polishing with a dry cloth. 

To preserve the polish on galvaniaed-iron or lead pipes, 
they should belmmedialely covered with a thin coat of white 
shellac or white varnish applietl with a brush. 

Ctttof Boiltri in San mi r.— It Is considered the best practice 
(o leave a heating system in the summer justas it has been 
running. Emptying the gystera induces rust, and if the local 
supply of water is hard. It induces deposits or boiler scale. 

Cart of Witer-Cloirt Trips.— It fl^uently is necessary In 
cold weather to leave a closet unufed in a location that can- 
not be warmed. To prevent the water In the trap from 
freezing under such conditions put into the trap about lib. 
of common salt. This amount of salt will saturate 3 pt. ot 
water, which Is approximately the volume required to HJI a 
closet trap, and this solution will not be frozen at any tem- 
"Titure above lero. Or. remove the water and fill the traia 
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wJthoU. This is kIbo siiilablefocpreventlQglosiofseal by 
evsporation In unoccupied liouses. 

fttailn; Stnlii* PIpii.— Itis sometimcBnccessarr to tteeze 
the water ;ia service pipes to stop Ihe flow while making 
■repairs. This can bcacconiplislied b; lemporarily stopping 
the How of water wllh a wooden plug and packing the pipe 
In one or the following freezing mix Ui res: 



Mixmrps- 


Teni,v.;a,'i™i;; 


Tem[ieralure. 


2 parts of cr.if.lied i.c and 
llKirtorNilt „ 


S'' U'low zero 
13= below zero 

18° lielow zero 




24 imtts of crushed <<'c. 10 
m"i1ii'iir,.i';ioi5'l'?*'n'lHlm 




1 imrt of ammonium nitrate 


Fro 40to4 


S parts nKltnm sulphate. 4 
parts of dilnle Bulphtiric 


,„.„„, 



Ldd tni Oiliwi.— The amountof lead and oakum reiiuired 
to calk diflTerent sizes of joints of cast-iron pipe may be tbund 
in the following IHliJe: 



MATEnlAL FOR 


CALKED JOINTS. 






DiamctiT of pipe, tnelies 


2 


sj. 


5J. 


■ 


I. 




L«irt ncp joint, pounds 
O.kuinperjo!nl,onnces 


U 


2! i 3 


l'\t' 


i 


S* 


9 
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D{ • I nfgcti Ml.— Deodorizers are not necesauily dlidnfect- 
anta. and dlslnrei^tBQls do nol neceesarily liave an odor. 

Wiit«r, air, and Hunsliine are tbe natural disinfectants. 

Wlienever a Bewer is slopped up and overflowe, the place 
where tbe overflow occurs should be thorough]]' disiiifected.' 
This can be accomplished by spriaklingthe place veil with a 
solution of copperas, and whitewashing all wallaand eipoBed 
parts of the building with a wash made of fieahly slaked 
quicklime. 



Plumblnf.— An approximate figure for cost of plumblnslB 
10 percent, or tbe cost of the building. This figure Is for good 
materials and labor, and of course is subject to conddemble 
variation. For an ordinary house, costing trom Sl.HK) to 
^.000, the cost of plumbing may be taken as about S per cent, 
tor moderate-priced flstures and publtc-sewer service. The 
cost of labor alone will average about i tbe cost of the 
materials. 

SH-Flttlni.— The cost of gas-flttlng may be approilmalely 
figured as about 3 per cent, of the cost of the building. The 
cost of labor alone varies l^nm about S to > the cost of mate- 
rials. ThebetterthegTodeoffixluieE, the lawerwill bethe 
ratio— provided there le no excessive ornamenlallon, requir- 
ing much time to put in place— as the cost of the labor is 
about the same for cheap fixtures as (or niore costly ones. 

H«ti«(.— The cost of hot-air Inatallation is, approximately. 
6 per cent, of tbe cost of the building: for steam heating, 
S per cent,; tor hof-water heating, 10 percent. 

In estimating on heating by furnace, the average cost of 
labor is about ( that of materials. In steam and hot-water 
heating, the ratio is about 1, 

Caution,— The actual cost of the plumbing, ga&-fitting. or 
beating systems In a building will vary with the price of 
materials, the location of the building—whether in city or 
country— the condlUon of the trade, and many oJher conaid- 
erationa. The market prices of the materials used are fluclu- 
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Resin. 

Tallow. uDsalWd. 

Ba) MDmoiilw:. 

MuHaUc add. 

Chloride or zinc. 



blowpipe. 
Copper bit. 

Copper bil nr 
blowpipe. 

blowpipe. 



Lead. tin. copper, 
brass, and tinned 

Lead, tin, or tinned 

Dirty zinc. 
Clean ilnc, copper, 

tinned metals. 
Lead and tin tubes. 



(NominBl). 


Outside 


Inside 


WeiBhtper Uneal 


Inches. 


Pouiids. 


0)PT*r. 
Pounda. 


1 

3' 


f 


AS 
.Si 

.»2 

2:06 
2.46 


1:17 

i 

12.C0 


.31 
1.75 

i 





^j"o1« 


SS" 


llicbea. 


Inches. 


s 


:• 


i 

■a 


li waste 


3i 


2 waste 


p 



r ZINC corpan. < 



Zinc, 


Copper. 


Lead. 


iSS' 


Weight. 


ThicS- 


■sIlS 


iH' 


Weight. 


:o;ti 


i 


:aa 


10 

16 
20 


A 


i 





VB.OMT 


P«R FOO 


T OF LB 


»D riPB 




Tublng. 


WaBle Pipe, 


Inches.' 


Weigh'. 
Ounoee, 


iSSfea,'^' 


s& 


DiBmeter. 
Inches. 


p'^'^d^ 


1 


.1 


It 


11.6 


r 


8, Via 
Uup 



yiVMBlKG. 



BMller, Imrdost .. 
Speller, liard . . 
BptlUT, ~'ft 



II 


- 


1 


^ 




-1 


"-i 


^i 


In. Lb. 


8 


2 


O. 


'i 


n. 


Oz. Lb. 


0. 


Lb. Oz. 


■ ' 


S 


1 




1 


1 


11 




1 


2 


13 



WarOHT OP OAST-lltON PIPE PER FOOT IN POUNDS^ 

Theee welgbls are Tor plain pipe. For hautboy i^pe add 
8 in. tn length for each }oiiiC For copper add |; Tor lead, |; 
tor welded Itod, add ■{,, or multiply by 1.0667, 
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' LCAD-PIpe TACKS. 
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TbG following compilallon of bUBiDCsa law contaiDB tbe 
etaeace ofa large amoutit of legal verbiage: 

iraoote leloBt or stolen, It doesnol release tbe malEer; he 
inUBt pay 11, if the consideration foi which It vias given and 
the amount eau be proveil. 

Notes bear interest only when so stated. 

Prtnctpala are repojiJible tor tbe acta of their agents. 

Each Individual in a paitncrship is responsible for the 
whole amount of tbo debts of the firm, except in cases Of 
special part nc rail 1 p. 

Ignorance of the laiv excuses no one. 

The Iftiv compels no one to do Iropossiljililies. 

All agreement without considerailon Is void. 

A note made on ll^uiiday is void, 

A note by a minor Is voidable. A contract made with ■ 
minor Is vol<l. 

A contract made with a lunatic Is void. 

A note obtained by ftaiid, or from a person In a State of 
intoxication, cannot be colleclcd. 

It Is a fraud to conceal a ftaud. 

Signatures made with a lead pencil are good In law. 

A receipt for money is not always conclusive. 

The acts of one partner bind all thereat. 

" Value received " is usually written In a note, and should 
be, hut it Is not necessary. If not written, it is preeumed by 
law, "r may be supplied by proof. 

The maker of an "accommodation" bill or note (one toe 



No coQsideralion is sufficient In law If It be illegal in Its 

Checlts or dnifts must be presented for payment without 
nnreasonable delay. 

Checks or drafts should be presented during busine'^ 
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hours: but tn this country, except in tbe case of banks, tbe 
time esttnds through the day and evening. 

If the drawee of a checli or diaft has chaoged his residcDce 
the holder must use due oi reasonable diligence to find bim. 

If one who holds a check, as payee or otherwise, transfers 
It to another, he has a right to Insist that the check be pre- 
sentetl that day, or at farthest, on the following day. 

A note indorsed in blank (the name of the indorseronly 
writlen) is transferable by delivery, the same as if made 
payable to the bearer. 

If time of payment of a note is not named, It 1> payable od 
demand. 

The time of payment of a note must not depend on a con- 
tingency. The promise must be absolute, 

A bill may be written od any kind of paper, either with 
Ink or pencil. 

The payee should be named in the note, uqIcss it is payable 

An indorser has a right of action against all whose names 
were on the bill when he received it. 

It Che letter containing a protest of non-payment be put 
into the post othce, its miscarriage does not affect the party 
giving notice; notice of protest may be sent cither to the 
place of businesB or of residence of the party notified. 

The holder of a note may give notice of protest either to 
ell the previous indorsers or only to one of them; in the lat- 
ter case, he must select the last tndorser, and the last must 
give notice to the last before him, and so on. Each indorse! 
must send notice the samedayorthedayrolloiving. Neither 
Sunday nor any legal holiday is counted in reckoning time 
in which notice is to be given. 

The loss of a note is not sufficient excuse for not giving 
notice of protest. 

If two or more persons, as partners, are Jointly liable on a 
note or bill, due notice K> one of them is suBident, 

If a note or a bill la transferred as security, or even as pay- 
ment of a preeilstlng debt, the debt revives if the note or 
bill be dishonored. 
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Ad iDdorseiiieDt may be written on the rHcr or back. 

Anlndiirsermay preTenthls own linblliiy to be sued by 
writing "without reroiirse" or similar words. 

An oral aKreement must be proved by evidence. A writ- 
ten agreement proves itwlf The law prefers written to oral 
evidence, berause ufits preoleioa 

No evidence can be Introdaccd to eontradiiH or rarjrA 
written cr>n tract; but It may be received In order to explain 
It, when such eiplanation is ne«led. 

Written instrumeniB are to be construed and interpreted 
by the law aeoordliiji to the simjile cuBtomnrj- and natural 

Tlie hnder of neRotiable paiier, as of all other property, 
must mate reasoimlde elTorls to Hiid the owner before he is 
entitled to appropriate it for hisown purposes. If the finder 
conceals it, he is liable to the charge of larceny or theft. 

Jouit |>ayeesof abill or note that are not partners must all 

One may mofce a note payable to his own order and 
Indorse it in blank. He must write his name across its 
back or face, the same as any other Indurser. 

After the death of a holder of a bill or note, bis executor 
or iidmlnistrntor may transfer it by his IndorEement. 

The husband tJuttacqulresarlght to a bill or note that was 
given to t he wife.elthec before or ajler marriage, may 1 ndorse 1 1. 

Acceptance applies tn bills and not to notes. It is an 
ensajteineiit on the part of tbe perwn on whom the bill Is 
drnwii to pay it according to its tenor. The usual way is to 
write across the face of the bill the word "accepted." 



tables is so simple that i 
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Table.— ( Cmtlimied. ) 
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AUTOMATIC SPfftNKLCR SYSTEMS. 

Aotoiaalic eprltikler systems that are detdgned to nSbrd 
protection dgalnst the destruetioE nt property by fire, condn 
or a number of eprlnkler heads attached to a syAtem of Iron 
pipes that Bupplf the sprlnkleia wllh water under pressuie 
fh:im a tank located on the roof of the building, or by water 
under pressure from the street mains, or pneumatic supply 
tank In the basement. 

In operation, the sprinklers throw out a heavy spray of 
water when the flames melt a fusible part of the sprinkler 
head, whereupon a valve flics open and the water Sows out. 



Pio. 1. FiQ. 2. 

Although there are many kinds of sprinklers on the 
market tlicy all operate in a similar manner. Fig. 1 shows 
a sprinkler closed and ready for action; Fig. 2 shows it 
open after thetueible link has been melted apart. The valve 
In this sprinkler is held to its seat by a bell-crank secured at 
its upper end by fusible links. The solder used in joining tlie 
links is 80 alloy having a very low melting point. The heat 
Ola tire melts the links. The water pressure forces Ibe valves 
open and extinguishes the lire. 

In places where corrosive (Umes abound, such for example 
u bleacherles, paper mills, tanneries, match works, chemical 
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workB, etc., the sprinklers shouM be prot«<:ted&omcorrodon 
br a coating of specially prepared vax that mella at abont 
ltO° F., which Is a few degrees below the Ihging point of the 
soft Bolder used In closiiis sprinklers. Under ordinary dr- 
cumstonces a sprinkler should open and throw a stream when 
the temperature of the aoldered parts reaches 16S° F.; bnt for 
boiler and engine rooms, dry rooms, and such plaeea, Mgh-teM 
sprinklers are used. 

There are four grades of solder In common use: one ftisea 
at 165", another at 212°. another at 280°, and another at 3W. 

Very large sprinklers are used In eleyalor shafta, light 
wells, and other such places where a large quantity of wator 
would be required In case of fire. The noisles of these 
i[«tQkleTS ihould be at least If In. In diameter. 

Antomatlo sprinkler systems should be provided with two 
tonrcea of water supply, one of which should constantly bear 
on the sprintleri^ theother one, preferably from an approved 
OISTANOK BITWKKN SPHINKLKRS FOR STANDARD 



With Water Pressure at Highest Bprlnkler 



Biceeding 20 Lb. per 



ramarlly by Tank. 



In 11 -ft. beys 

Inll>-ft.bayB l 

In 0-rt. bays 1 

In 8-rt.bays 1 
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Ore-pump, ihoDld be used antomatlcaUy u sd auiiliarT rop- 
plf. Check-valves placed on tbe main mpplf pipes ttom the 
two aoutcei and opening Coward the sprlnklen vrlll permit 
water to flow to Ihe epHnlileTe from whichever soorce of 
supply ha> the greater pressure, Thla avoids the owleBlnible 
necewlty of maDlpulatln^ valves In case of Ore. 

ThaaccompanyJng tables of the Factory Mutual IneaTanae 
Companies give the proper distance between Eprlnklera. 

OISTANOK ■CTWCCN SPttlNKbKRS POH OPIN- 





With Water Pressure at Hljjhest Sprinkler 




Eiceeding20Lb. per 


primarily by fuik. 




SS 


'JS&. 


ss 


gsss 


At right an- 
gle 10 jolsls 


10 ft. apart 


7| n, apart 
an. apart, 


Tift, apart 
9 ft. apart 


61 ft. apart 
8(1. apart 





The terms mrdium haoird and ipecial luaard relate to the 
contents and character of each room. Especially hazardous 
places arc such as planing or sawlog departments of wood- 
working mills, painting and varnishing rooms, etc. 

In all cases the distance from walls Co nearest sprlnUera 
should not exceed one-half the distance between the 



et-pie!8uie and ta 



t-presnire 
>f piping Installed In a large mill. A checlc-yalve li 



placed on the large matn underneath the ball of the Btatr- 
vaf. to prevent tank water ftaia going back to ttie main 
Bhouia the preasnre therein be reduced atany time, and there 
Is a check-Talve on the large supply line in the room under 



the wafer begins 10 flow to the sprinklers, which are ahovrn 

arranged along the celling. The system ehowoiacttlled ftttd 

•ttm because the water pressure is always on the aprtnkieri. 
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The drji pipe iv"'<^ ii one In which water is tuin«d on the 
main pipes tbat supplj' the pipes in Uie huildlng, but an air 
pressure greater than the water pressure Is maintained in the 
dlEtrihuting pipes. When a sprinkler le open the air in the 
pipe syelem Immediately begins to escape. The air pressure 
Is thus lowered and water aulomalically flows into the sys- 
tem and escapes through the open sprinkle)^. The dry 
■yslem Is desirable only In places where vel pipes will 



ent water supplies, in ortter to secure the minimum ral«of 
insurance, which may be from 30 to 50 per cent, reduction on 
the total Insurance rates. Oneot these supplies must be auto- 
matic, and one should furnish water under heavy pressure. 
Tlie Underwriters aci^cpt the following combinations: 
Public walerwoiks and duplex steam pump: public Water- 
works and air-pressure tanks; elevated gravity tank and 
dnpltx steam pump; public waterworks and elevated gravity 
tank; public waterworks and rotary pump; elevated gravity 
tank and air-pressure tank; elevated gravity tank and rotary 

Iti most of the foregoing combinations it might be possible 
to substitute the alr-presaure tank in lien of the gravity tank. 
The choice of these suppUes Is determined by the Under- 

A steam pressure of not less than 50 lb. should be main- 
tained at all times on the pump, and an automatic regulatoi^ 
Bhould be applied to the steam pump, so that It will start 
automatically when a sprinkler is unsealed, furnishing the 
system with a full supply of water. 

Fire-pumps built according to the Underwriters' pump 
!peciflcatIoiis of the Associated Factory Mutual Insurance 
Companies, dated May 20, 1893, have given the best satisfac- 
tion and are recommended. 

The 500-Kal. pump, which Is 10 X 7 X 12 (ordinary dse for 
5mall mills), has 8" suction, 6" dischorge, 3" steam, 
4" eihaust, and 2" hose outlets. 



V aihauat, and 3" bose outlets. 

The l.OOO-Ral. pump, 18X10X 12 (uiual die for large 
fBClorleel, has 12" eucUou, S" dlech&rge, i" ateaas. 6" eihaiut, 
and 4" hose oatleM. 

A water gauge and a. presstire gauge eliould be connected 
to the end of the tank, with try oocbe and blow-oer drips. 
Air-pressure tanks should be vonetrticted according to Ibe 
Cnderwrlters' rules, and (heir capacities determined by 
the UoderwritetB. These tanks should be located In (he 
npper story of the building and must be kept | (till of water. 



Fia. 4. 

and &□ air pressure maintained (never lem thaaWlb,) that 

will give not less than 1& lb. pressure on the hlgliest line ol 

Bptliiklcrs when all water has been discharged ft«m the tank 

Fig. 4 ebowB the pressures and quantities of water In pre» 

The sizes of pipes for a sprinkler EysCeuL'will In all cases 
be determined by the Underwriters having fnrledictioii. In 
December. 1896, at a meeting of the Underwri tern, held in 
New York City, a committee was appointed to deal with the 
subject of aiitumatlc sprinkler Installationsand establish Dnl< 
Ibrm rules for lame. The result of their work ii indicftUd In 
the child and fourth columns of the ibllowing table: 
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Main Pipes. 


Branch Hp«» 


1 


Fact^y Mutual 
Companiea. 


National Board 


UnSSt.™. 


1 

i 

1 
1 

4t 


3 

SO 


8 


1 

J 



For branch lines on which there are more than 6 aprink- 
leis the above pipe schedule shall, afler passing the sixth 
sprinkler, apply to the neit larger slic of ptplne. 

When the siirinklers required on any single flcxir exceed 
the number allowed to a G" pipe, then a number of supply 
pipes are used, either 4". 5", or 6" pipes. 

The Underwriters' schedules must be slrictly adhered to 
by the construrting enjtinecr, except where special permis- 
sion is granted by the I'nderwrilcra 1o malie changes. The 
size of the riser? is determined by the number of sprinklers 
required on each tloor of the building or in any section 
divided by fire walls. Belt, stair, or elevator towers should 
be treated oa one room, and the pipe sizes arranged accord- 
ingly. In no case should risers or supply pipes for sprinkler 
syEtems be tapped for domestic purposes. 
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Success 




gained in my 




bine and Heat- 
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benefit to me. 


Throueh it I was enabled to 


obtain and hold 
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plumbing, and 




ior partner in a 


plumtrinB, lieftting, and ele 




ment. employing 3E men. 


During the last 
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I. C. S. Coune in Plumbing and Heating. As a result of 
the Course, Mr Praker has started a plumbing and heating 
shop oi tiia own, running it successfully for the past three 

I. C. S. STUDBHT BECOMES ntVEITTOR 

Jahbs Lomg, 2226 17th Avenue, South. Minneapolis, 
Minn., a student of the Sanitary Plumbing. Heating, and 
Ventilation Course, has designed and patented a steam 
appliance. He attributes to his Cour$e in the I. C. S, 
credit for giving him the Icnowledge necessary to his success. 
Mr Long has risen from journeyman steam fitter to a 



a Course with the Schools." Mr. Gross has not 
his Course, but he is studying. He is a steam fitU 
by the American Ship Building Company at pre 

hi^ salary from »2.50 to 13 a*day° ^ " ^'"' 

or BDSIHESS FOR HIMSELF 

J. C, Patmobb, Morrissey Mines. B. C. was 

when he enrolled in the Complete Plumbing a 

Course, fiis earnings were 12 a day. As a i 



When he started the Course he was a steam and gas-fitter. 
Since he finished it he designs and superintends t^e inslal- 

HELPBR TO PLTTHBER 

Thomas W. Carev, 1258 Tuendawie St., Defiance. Ohio. 

when he lirst starte'd to study Che Complete Plmnbii^^and 
Heating Course. 



Doubled His Income 



through the knowledge obtained in my Course 
that I won the confidence of this company, 
which represents a capital stock of tlOO.OOCI. 
I feel that had it not been for the Schools I 
would not have been in this position today, 
for when I enrolled I was working in a iJumb- 
itiBshop. My income now is just double what 
it was when I began. The I, C, S. Courses 






WAGES INCREASED 60 PER CEHT. 

Fhro Sch*upp. 322 Guerrero St., San Francisco. Cal.. 
enrolled in the Complete Ptumbing Couisc, Etudied, and is 
now making SO per cent, more than before. His future is 
bright. 

All I. C. 5. EDUCATION PAYS 

Pbteb D. Butleh. East Hampton. N. Y.. found that it 

Sys him to have the knowledge he received from his I. C. S. 
urse. When he enrolled he was an apprentice; he now is 

wages. 

THE GREATEST THIHO EVER 

Egbert C, DouGHTy, Hackensack. N. J., says that for 
the mechanic. 1. C, S. instruction is the greatest thing that 
ever happened— that he would not take »5,000 tor the 
knowledm gained from his Course. When Mr. Doughty 
enrolled he was a plumber making 13 a day. He now is 
:„ i,...: t„. v^ ,. ^.. J pny^h la^g^ income, and 



HIS AUBmON REALIZED 

L. A. McGuiGAK. Davis. W. Va., was an apt 
he enrolled for the ComiJleM " ' 









HELPER BECOMES JOnRHEyHAH PLUMBER 

'aul K. Bkckman, 1123 Pine St.. Seattle. Wash., tf 
burse in the I. C. S. while helper in a plumber's shi 
studied the up-to-date methods taught in his Cau 



SALARY nfCSEASED 25 PER CENT. 



Journeyman Plumber 

Becomes City 

Inspector 

1 take this opportunity to let you know 
what your School has dotie for me. 

When I enrolled tor your Complete Plumb- 
ing and Heating Course, I was lArorking as a 
journeyman plumber. On January 1. 1903. 
I was appointed Plumbing Inspeclar for this 
city, which position I still fill, I can safely 
say that my success in filling the position Is 
due to the training I received through your 
valuable system of instruction by mail. My 



Thanking you tor past favors, 

M. M. O'COKKBl-t., 

Pbrnbinu Inspector. 
City Hall, Ottawa. 



AIIOTHEK BUSDIESS SUCCESS 

Leo Kob, Elizabeth town. Pa., was trying to leam the 

Plumbing trade when he decided to let the I, C. S. help him. 
rom tS a week to an independent plumbing and tinning 
business is Mr. Kob'a record. The Course telpa him do 
Accurate work in laying out jobs and teaches him how to 
do it intelligcDtly, 

SALARY DOUBLED Dl TWO HOHTHS 

D. L. Stilbs, Gobleville, Mich., started the Plumbing 
and Heating Couise while working ior H a week. In le^ 

$12"a ™k. 'in'this position h'e''recdved"riKreas«. '^e 
now is in business for himseEf, making a specialty of plumb, 
ing and heating. He says: " J would not part with what 
I Teamed from the I. C. S. for one hundred times what it 

FROM S7 A 

W. E. 0-Brikn, 
fn the Sheet-Metai t'aciem uraiiing ^..ourse wniie maKing 
$7 B week. After progreasing a httle in his studies his wages 
were increased to tlO a week. Then he applied for a posi- 
Hon with the Smith Company, of Jackson, and received it. 
with wages at (15 a week. After working in this position 

of 'seals, 'o'Brien & Co., where ^ still is. Mr, OBrien, 
in a letter to the Schools, writes: " Your Course of Instruc- 
cutlinrthat I^haw^ y ■'^°'* ^- ""*" ^ m m oa m 

A ITHIVEKSlTr MAD BEIfEFtTED 

Fhbd D. Rollins, 710 Seventh Ave., So. E., Minneapolis, 
Minn , after leaving the University of Minnesota, p.i.r>1l«1 
e I. C. S. Sanitary Plumbing, Heating, and V 
e and has ^steadily risen on the salary lad 



.y Course will net ! 



:iation of Sat a^eollege 



WAGES HTCREASED 50 PER CERT. 

I. C. S. School of PiumbinE? has advanced from''iourney- 
1 to foreman in the plumbing business. Hia wages hava 
D increased 50 per imf. since enrolling. 
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Sandy Creek, N. Y. 



E STEAM FITTBBS- 
EXAHHIATIO' 

W. H, B^HN. 185 First Si , Albany. N. Y.. was foremftn 
of a plumbing shop when he enroLLed for the Complele 
Heating Couiie. mat he learned, from the Course enabled 



Course in Heating he was promoted to the position of 
assistant superintendent of die Germantown Steam Com- 

HOW UANAGER OF A FUEL COHPARY 

J, F. H*RMOH, 1820 S. Gal. St.. Marion, Ind.. knew 

nothing but s few of the first principles of the heating 

business when he look the I. C. S. Course, Now he is con- 



the plumbing in the new post-office fMiildiug in Susquehann 

SALART UrCKEASED THROUGH I. C. S. COURSE 

John J. Broh. Wimbledon. N, Dak., enrolled for tl 
Sanitary Plumbing, Heating, and Ventilation Course ai 
soon had his salary increased SIS a month. He now ci 
figure and lay out different kinds o trade work. 



What Our Students Think 
of Us 

My Course with the I. C. S. has served itie 
well. It has taught me industry, concen- 
tration, and self-confidence. It has broad- 
ened my mind and created ambition tci 
di> larger things. It has ffiven me self- 
reliance to do them. It has taught me to 

t can make a success. My intellect is bene- 
fited. The s^nrit of manliness [s taught by 

Course. The Schoots are, to me. the greatest 
educaUonal and instructive institution in the 
woHd and I would not part with my Course 
for double the price. The methods of instruc- 
tion are so simple that if the student wiU 
apply a little concentration ho will surcly- 

do not know how appreciative I feel in regard 
to the Schools, and when my aid can be given 
to help them I only need notice to that effect. 
J. J, JONBS, 

Richmond, Va. 



PROH IT A WB&E TO S3^ A DAT 

> Chaft. 1406 Park Ave.. New York City, waa 
'5 helper. tnaldng^$7 B »feli. when he enrolled 



A SALE8UAH OF PLtTHBERS* SUPPLIES 
:, Lh«f, 932 Weatminister St.. St. Paul. Minn., 
ing when he enrolled ior the SaniUry Plumb 



plumbers apprentice when he enrolled in the Plumbins and 
Gas-Pitting Course. He finished this Course and enrolled 
for the Heating and Ventilation Course. Besides receiving 

did not%3ve ^lore "rnsponding with the I'.^C*. S,/he is 
makinfi j* a day. Mr. La Branche heartily recommends 

SALESHAll BECOMES HAITAGER 

J. Harry Bai^dn, 331 Genesee Ave., Cleveland, Ohio. 

learned the ollice end of the plumbing4upi^y business by 

1 hard experience. He then traveled as salesman tor a time, 

1 soon taking up the Heating and Ventilation Course. As a 

i of the Kennedy Company in that city. 

SALARY INCREASED FIVE TIMES 

j Jambs F, CosTElLO. 297 Dublin St., Wate.bury, Conn 



Costello knows it pays to study in the I. C. S. 

I. C. S. STITDEBTS OBTAIK PLmtBERS* UCEHSES 

MicHAEt. L. Sylvia. New Bedford, Mass.. took the Com 
pleU Plumbing and Healing Course and, by means of th( 



Appointed Plumbing 

Inspector of 

Manila 



1 had only a common-scb< 

ence 1 knew nothing. As ! 
I went right to work and 



I tool any chance for the Inspectorship, 
hoped T m gh ome out second. 



h only one hat passed.. As a result. I am 
today, and have been for the last two months, 
Plumbing lUEpcetor for the city of Manila, 
Joshua T. Colvin, 
Plumbing Inspector. 
City of Manila, P. I. 



thinks the I. C. S 

FROM Sl^ A DAT TO SSO A HORTH 

B. J. BARnnELL. Sturfteon Bay. Wis., a tinn«r. getting 
Il.SO a day. enralleil in the Complete PlumbinK and Healing 
Course ami. as a result of his st,..lies, m™ has full charge of 
the healiiiK and plombine ilepartment of the J S, Hay 
Hardware Company, at a salary of tSII, a month. He viifl 

SALARY raCRSASED M PER CEHT. 

W. Scott Abthur. Woodslown. N. J., enrolled for the 
Complete Plumbing and Heating Course. As a result of 
the instruction received he was promoted from journeyman 
plumber and tinner to foreman in chaise of shop and con 
slruction worli. His salary was increased «l per cent 
When Mr. Arthur enrolled he knew harilly any mathemat 
ics. Now he can undertake any difficult system of plumb- 
ing and hcatine. He says: ■'the 1. C. S. is a successful 
salary medium. 



BECAME MASTER PLtruBER 

Wm.L,, Pollock. 2583 Pitker Ave.. Brooklyn, N. Y., 
w^ a junior g^um^ r.^ma^^ng ^^^.. ^^^\^ ^^'^^ m^r 
plumber, in business for himself. He makes t4,75 a day. 

BOW IN BUSINESS FOR HIMSELF 

Daniel S, Lowe, 1418-20 N. Sixth St., Hanisbunt. Pa., 
began studying the Sheet-Metal Pattern Drafting Course by 

pat'terns for his"work. As a' d%eet result of what Mr. hove 



WAGES nrCREASED 24 FER CBHT. 

IS J. GiiAFP. 83 Curtin Ave., Pittsburg, Pa.. wiroUed 
SheeC-UsUl Pattern Drafting Course while employsd 
IHnHv rtf liiijjdine votk, such as tin rooting, lining 
rnices. skylights, etc. What he learned 



from The'^uSf ^, 
Une of bench work. 



HELPER BECOMES PATTBRHCITTTER AHD 
PART OWHER 

R. E. WiLLLS. 2129 Seventh Ave., Moline, lU.. rose froi 

hi a'^arge"sheel-™t^ ™A^m"''B^Wes'beul^ ™EK>ci 
holder and entitled to a percentage ot the profits, his ean 
ings have increased 100 per cent. 

SHORTEK BOORS AND BETTER PAT 

C. V. STiULEY, 337 Union Ave,. Laconia, N. H., enrollt 
in the I, C. S, when he was working from 10 to 14 hours 
day and earning only 110 a week. Now he is enij^oyed t 
W, D, Huse & Sons, gets a better salary, and worls B hou 
a day. He also is on the city plumbers' examining twari 

FROH JOURHEYMAH TO QDARTBRMAH 

M. H. CiLLEY, 510 Virginia Ave., Vallejo. Cal., was in If 
United States Navy Yard as a journeyman sheet-met. 
worker when tie enroMed in the Sanitary Plumbing. Hea 



technical knowledge, he enrolled for the Slieet-Metal Pattern 
Drafting Coume and was promoted to quarterman sheet- 

SALART INCREASED 120 A HOHTH 

J, G. SwrrH, 431 W. Boone St.. Belvidere, HI,, was a tin- 
ner's helper and general roustabout when he enrolled in the 
Sheet-Metal Pattern Drafting Course, By studying th^ 











DOTJBLED HIS SALARY 
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JOdUIEYHAII BECOMES PLUHBIHO WSPECTOB 

When M. H. O'Connhll, car* City H»U, Ch[c«BO. 111.. 
Iwgan Ihe sludy of our Complelc Plumbing and Beating 
Course he was a journeyman plumber, workins for the 
usual wa^es. Today, as a dirert reauJi of our instruction, 
he occupies a position as plumbing inspector, at largely 

PLDHBIHG nrsPECIOR OF HAHILA 

Joshua T. Colvin. of Manila. P. I., was working as an 
ordinary plumber two or three years ago. In a competitive 
examinatfon for the position of Pluming Inspector of the 

tha "p''a'54"hii5I'™llf^y of »I,8l«*a yea?, wi'ih*"!" ^E^'a™ 
ol »I.60D for an assistant. 

IS ROW FOREHAR AT LARGELY INCREASED WAGES 

Jahbs A. BucKNHY, of Ishpeming, Mich., was an ordinary 

C' rneyman. working for the usual wages, at the lime he 

HOW EARIfS S200 A UOHTH 

Abihur Elliott. South Street, St. Paul, Minn., was fore- 
man of a box factory when he began his Course in the I. C. S. 
He had a Bmaltering of all kinds of knowledge in the build- 
ing line but really could not work out simple problems. 

won a competition for a new High School 'building.^'^H^ 



SALARY DfCREASED 200 PER CENT. 

LEE S. PiNKEV, 823 Temperance St.. St. Paul. Minn., 
draftsman for the St. Paul Furniture Company by 



A University Graduate's 
Opinion 



of the M. W. Hill Company 



NoBUAN Hill. 
1503 Sansom S 
Philailttphia, 



Hj[, Google 



Hj[, Google 



Hj[, Google 



